THE ISOLATION AND CHARACTERIZATION OF PSEUDOMONAS HALODURANS, SP NOV SELECTED FROM THE GREAT BAY ESTUARY AS A HALOTOLERANT SPECIES by ROSENBERG, ARTHUR
University of New Hampshire
University of New Hampshire Scholars' Repository




HALODURANS, SP NOV SELECTED FROM
THE GREAT BAY ESTUARY AS A
HALOTOLERANT SPECIES
ARTHUR ROSENBERG
Follow this and additional works at: https://scholars.unh.edu/dissertation
This Dissertation is brought to you for free and open access by the Student Scholarship at University of New Hampshire Scholars' Repository. It has
been accepted for inclusion in Doctoral Dissertations by an authorized administrator of University of New Hampshire Scholars' Repository. For more
information, please contact nicole.hentz@unh.edu.
Recommended Citation
ROSENBERG, ARTHUR, "THE ISOLATION AND CHARACTERIZATION OF PSEUDOMONAS HALODURANS, SP NOV
SELECTED FROM THE GREAT BAY ESTUARY AS A HALOTOLERANT SPECIES" (1977). Doctoral Dissertations. 1163.
https://scholars.unh.edu/dissertation/1163
INFORMATION TO USERS
This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to  photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted.
The following explanation of techniques is provided to  help you understand 
markings or patterns which may appear on this reproduction.
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to  obtain the missing 
page{s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to  insure you complete continuity.
2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a  
good image of the page in the adjacent frame.
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to  begin photoing at the upper 
left hand corner of a large sheet and to  continue photoing from left to  
right in equal sections with a small overlap. If necessary, sectioning is 
continued again -  beginning below the first row and continuing on until 
complete.
4. The majority of users indicate tha t the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to  the understanding of the dissertation. Silver 
prints of "photographs" may be ordered a t additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced.
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received.
University Microfilms International
300 North Z eeb  Road
Ann Arbor, M ichigan 48106 USA
St. Jo h n 's  Road, Tyler's Green
High W ycombe, Bucks. England HP10 8HR
77-23,650
ROSENBERG, Arthur, 1945-
THE ISOLATION AND CHARACTERIZATION 
OF PSEUDOMONAS HALODURANS. SP. NOV. 
SELECTED FROM THE GREAT BAY ESTUARY 
AS A HALOTOLERANT SPECIES.
University of New Hamshire, Ph.D., 1977 
Microbiology
Xerox University Microfilms , Ann Arbor, M ichigan 48106
THE ISOLATION AND CHARACTERIZATION OF PSEUDOMONAS 
HALODURANS, SP. NOV. SELECTED FROM THE GREAT BAY 
ESTUARY AS A HALOTOLERANT SPECIES
by
ARTHUR ROSENBERG
B .A .,  N o r t h e a s t e r n  U n i v e r s i t y ,  1968 
M .S . ,  N o r t h e a s t e r n  U n i v e r s i t y ,  1972
A THESIS
S u b m i t te d  t o  t h e  U n i v e r s i t y  o f  New H am pshire  
I n  P a r t i a l  F u l f i l l m e n t  o f  
The R e q u ire m e n ts  f o r  t h e  D egree  o f
D o c to r  o f  P h i lo s o p h y  
G ra d u a te  S c h o o l  
D epartm en t o f  M ic ro b io lo g y
May, 1977
T h is  t h e s i s  h a s  b e e n  exam ined and  a p p ro v e d .
T h e s i s  d i r e c to in ,  G alen  L . J o n e s ,  P r o f e s s o r  and 
Chairman o f  M ic ro b io lo g y
( 5 L - n ^ — r  X  h / -  >
Lawrence W. S l a n e t z ,  P r o f e s s o r  c r o b i o lo g y
\
%  , 5 / -  ________
B o b e r t  M. Z s x g r a y ^ A s ^ o c ^ h te  P r o f e s s o r  o f  
M ic ro b io lo g y  ana Q ^ n ^ i c s
M iyosh i dRcawa, P r o f e s s o r  of' M ic ro b io lo g y
/ I
• v - /  / /  /
T heodore  C~. L o d e r ,  A s s i s t a n t  P r o f e s s o r  o f  E a r th  
S c ie n c e s
' *>.  ' * ? 7 .
B a t e / r
To my l o v i n g  and u n d e r s t a n d i n g  w i f e ,  w i th o u t  
n o t  h ave  en d u re d  t h e  t r i a l s  and t r i b u l a t i o n s  
t h e s i s .
whom I  c o u ld  
o f  w r i t i n g  t h i s
ACKNOWLEDGMENTS
My m ost s i n c e r e  g r a t i t u d e  t o  D r . G a len  E. J o n e s  f o r  
h i s  g u id a n c e  and  p a t i e n c e  i n  t h e  p a s t  a n d  d u r in g  t h e  
p r e p a r a t i o n  o f  t h i s  t h e s i s .
Thanks a r e  e x te n d e d  t o  D r. L aw rence  S l a n e t z ,
D r. R o b e r t  Z s i g r a y ,  D r. M iy o sh i  Ikaw a, an d  Dr. T h eo d o re  L oder 
f o r  t h e i r  h e l p f u l  s u g g e s t i o n s  i n  w r i t i n g  t h i s  t h e s i s .  Thanks 
a r e  a l s o  e x te n d e d  t o  Dr. Thomas Wight a n d  Mr. Emory C l i p p e r t  
f o r  t h e  e l e c t r o n  m ic ro sc o p y  and D r. G e r a ld  K l i p p e n s t e i n  f o r  
t h e  amino a c i d  a n a l y s i s .
T h is  work was s u p p o r t e d  by  a U n i v e r s i t y  o f  New 
H am psh ire  E e l lo w s h ip  from  S e p tem b er ,  1 9 7 3 , th ro u g h  J u n e ,  1976 .
TABLE OF CONTENTS
Page
LIST OF TABLES..............................................    i x
LIST OF FIGURES...................................................................................  x i v
ABSTRACT........................................................................................x v i i i
I .  INTRODUCTION...........................................................................  1
I I .  LITERATURE REVIEW................................................................... 3
I I I .  MATERIALS AND METHODS.........................................................  31
A. E c o l o g ic a l  S t u d i e s .....................................................  31
1 .  S am pling  T e c h n iq u e s ....................................................... 31
2 . S y n t h e t i c  S e a w a te r .........................................................  31
3. M edia ........................................................................................  34
4 .  G la s s w a r e ............................................................................... 36
5. S a l t  A d d i t i o n .....................................................................  37
B. M a in te n an c e  and  P r e p a r a t i o n  o f  S ta n d a r d
Inoculum  o f  H a l o t o l e r a n t  I s o l a t e  C - l ........  37
1 .  M a in te n a n c e  o f  C u l t u r e ...............................................  37
2 . In o c u lu m .................................................................................  38
C. P h o to m ic ro g ra p h y  o f  H a l o t o l e r a n t  I s o l a t e  C - l . .  38
1 . P hase  C o n t r a s t  M ic ro sc o p y ........................................  38
2 . T r a n s m is s io n  E l e c t r o n  M ic ro sc o p y .......................  39
a .  N e g a t iv e  S t a i n  and  Shadow C a s t .................  39
b .  T h in  S e c t i o n s  o f  Whole C e l l s  and
C e l l  E n v e lo p e s ........................................................  40
3 . S c a n n in g  E l e c t r o n  M ic ro sc o p y .................................. 42
D. I d e n t i f i c a t i o n  o f  H a l o t o l e r a n t  I s o l a t e  C - l . . . .  42
v
E. I n v e s t i g a t i o n s  o f  I s o l a t e  C - l  i n  t h e
P re s e n c e  o f  N aC l......................................................................  49
1 .  R e s p i r a t i o n  E x p e r im e n ts .................................. ...  49
2 .  T r ip h e n y l  T e t r a z o l iu m  C h lo r id e  O v e r la y
T ech n iq u e  f o r  D e te rm in in g  R e s p i r a t o r y  
S u f f i c i e n c y  o r  D e f i c i e n c y  o f  C - l ......................  51
3 .  T hunherg  S t u d i e s ............................................................  52
4 .  Q u a l i t a t i v e  A n a l y s i s  o f  C ytochrom es on
I s o l a t e  C - l ......................................................................... 55
a .  D i f f e r e n c e  S p e c tru m ............................................  54
b .  A b s o r p t io n  S p e c tru m ............................................  54
5 .  I n t r a c e l l u l a r  D e te r m in a t io n  o f  Na and K
on I s o l a t e  C - l .................................................................. 55
6 . D e te r m in a t io n  o f  Na A s s o c i a t e d  W ith
C e l l s  o f  I s o l a t e  C - l  U sing  22jja ......................... go
F . B io c h e m ic a l  R e sp o n se s  o f  C - l  t o  N aC l........................ 62
1 .  D e te r m in a t io n  o f  DNA: RNA: P r o t e i n :
C a rb o h y d ra te :  P h o s p h o l ip id  R a t i o s
on I s o l a t e  C - l .................................................................. 62
2 .  Amino A c id  and P h o s p h o l ip i d  D e te r ­
m in a t io n  on C e l l  E n v e lo p e s  o f  I s o l a t e
C - l .......................................................    64
a .  Amino A cid A n a l y s i s ...............................   65
b .  P h o s p h o l ip id  A n a l y s i s .......................................  65
3 .  E x t r a c t i o n  of t h e  Enzyme A s p a r t a t e
T ra n sc a rb a m y la se  from  I s o l a t e  C - l ....................  66
IV. RESULTS...................................................................................................... 69
A. S e l e c t i o n  and  I s o l a t i o n  o f  N a C l- T o le r a n t
E s t u a r i n e  B a c t e r i a .................................................................. 69
1 .  E f f e c t  o f  P h y s i c a l  and C hem ical 
P a r a m e te r s  on B a c t e r i a l  E n u m e ra t io n
of E s t u a r i n e  W ater  S a m p le s ..................................... 69
2 .  S e l e c t i v e  E f f e c t s  o f  S u p p le m e n ta l
NaCl c o n c e n t r a t i o n s  on t h e  E s t u a r i n e  
B a c t e r i a l  P o p u l a t i o n . . . . . . .....................................  72
v i
3. S e le c t iv e  E f fe c ts  of Other Supplemental
S a lt s  on the Estuarine B a cter ia l 
P opulation ...................................................................... 75
B. I d e n tif ic a t io n  o f NaCl-Tolerant B a c ter ia l 
S p e c ie s ..................................................................................... 76
C. P h y s i o l o g i c a l  R e sp o n se s  o f  P .  h a lo d u r a n s
to  N a C l............................................................................................  81
1 . G row th  R e sp o n se  t o  S a l i n i t y  V a r i a t i o n s . . . .  81
2. M a jo r  Ion  R e q u ire m e n ts  o f  P . h a l o d u r a n s . . .  81
3. G row th  R espo nse  o f  P .  h a lo d u r a n s  t o
S u p p le m e n ta l  NaCl C o n c e n t r a t i o n s . . . . . . . . . .  86
4 .  Growth R e sp o n se  o f  P. h a lo d u r a n s  t o
G lycerol and Sucrose...............................................  90
5. G row th R esp o n se  o f  P .  h a lo d u r a n s  t o
S a l t s  O the r  T han  NaCl.................................................  91
6 . A d a p ta t io n  o f  P . h a lo d u r a n s  t o
S u p p le m e n ta l  N aC l..........................................................  92
7 . C u l t u r a l  S t a g e  o f  Growth o f  P .  h a lo d u r a n s  
V e r s u s  th e  E f f e c t  o f  2 .6 0  M S u p p le m e n ta l
N a C l.........................................................................................  95
8 . E f f e c t  o f  T e m p e ra tu re  and  O rg a n ic  M a t te r
on Growth a n d  NaCl T o le r a n c e  o f  P . 
h a l o d u r a n s ...........................................................................  96
9 .  Grow th R esp onse  o f  M arine  B a c t e r i a  O th e r
Than P . h a lo d u r a n s  t o  S u p p le m e n ta l  N a C l . . .  98
10. E f f e c t  o f NaCl on Oxygen U t i l i z a t i o n  by
P .  h a l o d u r a n s ....................................................................  100
11. R e s p i r a t o r y  D e f i c i e n c y  o f  P .  h a lo d u r a n s
In d u c e d  by  N a C l...............................................................  102
12. T hunberg  S t u d i e s  on P .  h a l o d u r a n s .....................  103
13 . Q u a l i t a t i v e  M easurem ents  o f  t h e  Cytochrom e
Components o f  P .  h a l o d u r a n s ..................................  106
v i i
1 4 .  I n t r a c e l l u l a r  Na and K C o n c e n t r a t i o n s  
o f  P .  h a lo d u r a n s  i n  t h e  P r e s e n c e  of
0.3T5, 1.6(5-, and  2 .9 0  M N aCl..................................  107
2215 . A c cu m u la t io n  o f  Na by  I n t a c t  C e l l s  
and C e l l  E n v e lo p e s  o f  P .  h a lo d u r a n s
Under NaCl S t r e s s  7 ............................................  112
D. B io c h e m ic a l  R e sp o n se s  o f  P . h a lo d u r a n s  to  
S u p p le m e n ta l  NaCl C o n c e n t r a t i o n s  b a n g in g  
from  0 . 0  t o  3 .4 5  M.................................................................. 115
1 . C arb on , N i t r o g e n ,  P h o sp h o ru s  R a t i o s  o f 
P . h a lo d u r a n s  i n  t h e  P r e s e n c e  o f  NaCl
S t r e s s ..................................................................................... 115
2 . DNA: ENA: P r o t e i n :  C a rb o h y d ra te :
P h o s p h o l ip id  R a t i o s  o f P . h a lo d u r a n s  i n
t h e  P re s e n c e  o f  S u p p le m e n ta l  N a C l . . .   117
3. The 220-320  nm A bsorbance  o f  C u l t u r a l  
S u p e r n a te s  from  N a C l - S t r e s s e d  P .
h a lo d u r a n s  C e l l s ............................................................. 119
4 .  Q u a n t i t a t i v e  and  Q u a l i t a t i v e  Chem ical 
C o m p o s it io n  o f  P .  h a lo d u r a n s  C e l l
E n v e lo p e s  U nder NaCl S t r e s s . ................................  120
a .  C hem ical C o m p o s it io n  o f  N aC l-
S t r e s s e d  C e l l  E n v e lo p e s ................................... 121
b .  Amino A cid  C o n te n t  o f  N a C l - S t r e s s e d
C e l l  E n v e lo p e s ........................................................ 122
c .  P h o s p h o l ip id  C o n ten t  o f  N a C l - S t r e s s e d
C e l l  E n v e lo p e s ....................................................   122
d . T h in  S e c t i o n s  o f  I n t a c t  C e l l s  and
C e l l  E n v e lo p e s  Under NaCl S t r e s s ..............  123
5 . A s p a r t a t e  T ra n sc a rb a m y la se  A c t i v i t y  o f
P . h a lo d u r a n s  a s  A f f e c te d  b y  N aC l.................... 124
V. DISCUSSION..............................................................................................  127
BIBLIOGRAPHY.........................................................................................  256
v i i i
LIST OF TABLES
CFU/ml and p e r c e n t  CFU/ml o f  h i g h e s t  b a c t e r i a l  
p o p u l a t i o n s  w hich  d e v e lo p e d  from  t h e  G r e a t  Bay 
e s t u a r i n e  com plex a t  20 C a f t e r  14- d a y s  in c u b a ­
t i o n  on  m o d i f i e d  M acLeod 's H a - d e f i c i e n t  a g a r  
medium c o n t a i n i n g  t o t a l  NaCl c o n c e n t r a t i o n s  
r a n g in g  from  0 .0 0 0 2  t o  3*20 M on 12 /24-/73  and 
8 /2 8 /7 4 - .....................................................................................................
P e r c e n t  CFU/ml o f  b a c t e r i a  w h ich  d e v e lo p e d  from 
t h e  G re a t  Bay e s t u a r i n e  com plex  a t  20 C a f t e r  14- 
days  i n c u b a t i o n  on m o d i f i e d  2216E a g a r  medium 
w i th  s u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  r a n g in g  
from  0 .0 0  t o  3 .0 5  M on d i f f e r e n t  s a m p lin g  d a t e s . . .
P ig m en ted  and n onp igm en ted  CFU/ml and p e r c e n t  
p ig m e n ted  CFU/ml o f  b a c t e r i a  w hich  d e v e lo p e d  
from  t h e  G re a t  Bay e s t u a r i n e  complex a t  20 C 
a f t e r  14- d a y s  i n c u b a t i o n  on m o d if ie d  2216E a g a r  
medium w i th  su p p lem en ted  NaCl c o n c e n t r a t i o n s  
r a n g in g  from  0 . 0 0  t o  3 .0 5  FI.....................................................
P e r c e n t  CFU/ml o f  b a c t e r i a  w hich  d e v e lo p e d  from  
t h e  G re a t  Bay e s t u a r i n e  com plex  a t  20 C a f t e r  
14- d a y s  i n c u b a t i o n  on m o d i f i e d  2216E a g a r  medium 
w i th  s u p p le m e n ta l  s a l t  c o n c e n t r a t i o n s  r a n g in g  
from  0 . 0 0  t o  3 .2 5  M on 3 /1 2 /7 4 - ..............................................
P e r c e n t  CFU/ml o f  b a c t e r i a  w hich  d e v e lo p e d  from  
th e  G re a t  Bay e s t u a r i n e  com plex  a t  20 C a f t e r  
14- d a y s  i n c u b a t i o n  on m o d i f i e d  2216E a g a r  medium 
w i th  s u p p le m e n ta l  s a l t  c o n c e n t r a t i o n s  r a n g in g  
from  0 .0 0  t o  3*25 M on 8 /2 1 /7 4 - ..............................................
D e te r m in a t io n  o f  m o la r  p e r c e n t  g u a n in e  p l u s  
c y t o s i n e  b y  b u o y a n t  d e n s i t y  and th e r m a l  m e l t in g  
(Tm) o f  DNA e x t r a c t e d  from  c e l l s  o f  a  h a l o t o l e r a n t  
e s t u a r i n e  b a c t e r iu m  ( C - l )  i s o l a t e d  from  t h e  G re a t  
Bay e s t u a r i n e  complex grown a t  20 C and  200 rpm 
i n  m o d i f i e d  2216E medium w i t h  s u p p le m e n ta l  NaCl 
c o n c e n t r a t i o n s  r a n g in g  from  0 . 0  t o  3-4-5 M....................
DNA-DNA h y b r i d i z a t i o n  s t u d i e s  f o r  h a l o t o l e r a n t  
i s o l a t e  ( C - l ) ,  i s o l a t e d  from  t h e  G r e a t  Bay 
e s t u a r i n e  com plex grown a t  20 C and  200 rpm t o  
l a t e  l o g a r i t h m i c  p h a se  i n  (A) m o d i f i e d  2216E 
medium and (B) m o d if ie d  2216E medium su p p le m e n te d  
w i th  2 .6 0  M NaCl................................................................................
8 .  O p t i c a l  d e n s i t y  o f P .  h a lo d u r a n s  grown a t  20  0
and 200 rpm f o r  48 h  i n  m o d if ie d  2216E medium
as  a f u n c t i o n  of s a l i n i t y ........................................................
9 .  O p t i c a l  d e n s i t y  o f  P .  h a lo d u r a n s  grown a t  20 C
and 200 rpm f o r  96  TT i n  g lu c o s e  s e a w a te r  medium
from w h ic h  NaCl was d e l e t e d  from  s y n t h e t i c  s e a ­
w a te r  an d  osm otic  p r e s s u r e  a d j u s t e d  w i th  1 .0 9 7
M g l y c e r o l  a s  r e q u i r e d ...............................................................
1 0 .  V is u a l  t u r b i d i t y  o f  P .  h a lo d u r a n s  grown a t  20 C 
and 200 rpm f o r  24 h  i n  g lu c o s e  s e a w a te r  medium 
from w h ich  s p e c i f i c  s a l t  c o n c e n t r a t i o n s  w ere  
d e l e t e d  fro m  s y n t h e t i c  s e a w a te r  and  o sm o tic  
p r e s s u r e  a d ju s t e d  w i t h  1.097  M g l y c e r o l  a s  
r e q u i r e d ....................................................................................... ..
11 . O p t i c a l  d e n s i t y  o f  P .  h a lo d u r a n s  grown a t  2 0  C
and 200  rpm f o r  72 h  i n  g lu c o s e  s e a w a te r  medium
from w h ic h  NaCl and KC1 were d e l e t e d  from  
s y n t h e t i c  se a w a te r  a n d  osm otic  p r e s s u r e  a d j u s t e d  
w i th  1 .0 9 7  M g l y c e r o l  a s  r e q u i r e d .  NaCl was 
i n c r e a s e d  from 0 .0  t o  500 mM a s  KC1 was i n c r e a s e d  
from 0 . 0  t o  100 mM..................................... ...................................
12 . O p t i c a l  d e n s i t y  o f  P .  h a lo d u r a n s  grown a t  20 C
and 200 rpm f o r  72 h  i n  g lu c o s e  s e a w a te r  medium
from w h ic h  NaCl and KC1 were d e l e t e d  from  
s y n t h e t i c  s e a w a te r  a n d  osm o tic  p r e s s u r e  a d j u s t e d  
w i th  1 .0 9 7  M g l y c e r o l  a s  r e q u i r e d .  KC1 was 
i n c r e a s e d  from 0 .0  t o  100 mM a s  NaCl was 
i n c r e a s e d  from 0 .0  t o  500 mM..................................................
1 3 . O p t i c a l  d e n s i t y  o f  P .  h a lo d u r a n s  grown a t  20  C
and 200 rpm f o r  72 h  i n  g lu c o s e  s e a w a te r  medium
from w h ic h  MgClp and  CaClp were d e l e t e d  from  
s y n t h e t i c  se aw a te r  a n d  osm otic  p r e s s u r e  a d j u s t e d  
w i th  1 .0 9 7  M g l y c e r o l  a s  r e q u i r e d .  MgClp was 
i n c r e a s e d  from 0 .0  t o  100 mM a s  CaClp was
i n c r e a s e d  from 0 .0  t o  100 mM..................................................
1 4 . O p t i c a l  d e n s i t y  o f  P .  h a lo d u r a n s  grown a t  20 C
and 200  rpm f o r  72 h  i n  g lu c o s e  s e a w a te r  medium
from w h ic h  MgClp an d  CaClp w ere  d e l e t e d  from  
s y n t h e t i c  s e aw a te r  a n d  o sm o tic  p r e s s u r e  a d j u s t e d  
w i th  1 .0 9 7  M g l y c e r o l  a s  r e q u i r e d .  CaClp was 
i n c r e a s e d  from 0 .0  t o  50 mM a s  MgClp was 
i n c r e a s e d  from 0 .0  t o  100 mM.................................................
15 . O p t i c a l  d e n s i t y  o f  P .  h a lo d u r a n s  grown a t  20 C
and 200  rpm f o r  72 Ti i n  g lu c o s e  s e a w a te r  medium
i n  w h ich  t h e  a n io n  c o n c e n t r a t i o n s  were a l l  C l ,










16 . CFU/ml, d i r e c t  c e l l  c o u n t /m l ,  o p t i c a l  d e n s i t y ,
and d r y  w e ig h t  o f  P .  h a lo d u r a n s  grown a t  20 C
and 200 rpm f o r  72""'h. i n  m o d if ie d  2216E medium 
w i th  s u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  r a n g in g
from 0 . 0  t o  2 .6 0  M.............................................................................. 169
1 7 .  S p e c i f i c  g row th  r a t e ,  l a g  p h a s e ,  and  maximum
o p t i c a l  d e n s i t y  o f  P .  h a lo d u r a n s  grown a t  20 C
and 200 rpm i n  m od iT ied  2216E medium and g lu c o s e  
s e a w a te r  medium b o th  w i th  s u p p le m e n ta l  NaCl 
c o n c e n t r a t i o n s  r a n g in g  from  0 .0  t o  4- .50 .....M...................  171
1 8 .  S p e c i f i c  g ro w th  r a t e ,  l a g  p h ase  , and  maximum
o p t i c a l  d e n s i t y  o f  P .  h a lo d u r a n s  grown a t  20 C 
and 200 rpm i n  m odiT ied  22 l6E  medium w i th  
s u p p le m e n ta l  g l y c e r o l  and  s u c ro s e  c o n c e n t r a ­
t i o n s  r a n g in g  from 0 . 0  t o  5 . 5  N............................................... 172
19 . S p e c i f i c  g ro w th  r a t e ,  l a g  p h a se  , maximum
o p t i c a l  d e n s i t y ,  and c e l l  s i z e  o f  P .  h a lo d u r a n s
grown a t  20 C and 200 rpm i n  m o d if i e d  2216E 
medium w i t h  s u p p le m e n ta l  s a l t  c o n c e n t r a t i o n s
r a n g in g  from  0 . 0  to  5.4-5 M..........................................................  173
2 0 .  S p e c i f i c  g ro w th  r a t e ,  l a g  p h a s e ,  and  maximum
o p t i c a l  d e n s i t y  o f  P .  h a lo d u r a n s  grow n a t  20 C
and 200 rpm i n  m odiT ied  2216U medium and 
su p p lem en ted  w i th  5*4-5 M NaCl and s u b s e q u e n t ly  
grown i n  m o d if ie d  2216E medium w i t h  s u p p le m e n ta l
NaCl c o n c e n t r a t i o n s  r a n g in g  from  0 . 0  t o  4 .5 0  M  177
2 1 .  CFU/ml on i n i t i a l  p l a t e ,  CFU/ml on r e p l i c a  p l a t e ,  
and c o l o n i e s  (% o f  26 p p t  medium) o f  P .  h a lo d u r a n s  
grown a t  20 C and 200 rpm i n  m o d i f ie d  221&E medium 
and su p p le m e n te d  w i th  5.4-5 M NaCl and  s u b s e q u e n t ly  
grown a t  20 C f o r  10 days  on m o d i f ie d  2216E a g a r  
medium w i th  t o t a l  NaCl c o n c e n t r a t i o n s  r a n g in g  from
0 .0 1  t o  5.4-0 M.......................................................................................  178
2 2 .  S p e c i f i c  g ro w th  r a t e ,  l a g  p h ase  , maximum o p t i c a l  
d e n s i t y ,  and c e l l  s i z e  o f  P .  h a l o d u r a n s , A. 
m a r in u s , P . c u p r o d u r a n s , Pseudom onas sp". T 5 0 , and 
A lte ro m on as  m a r in o p r a e s e n s  grown a t  20  C and 200 
rpm i n  m o d i f ie d  22161c medium w i th  s u p p le m e n ta l
NaCl c o n c e n t r a t i o n s  r a n g in g  from 0 . 0  t o  3.4-5 M  179
2 3 . S p e c i f i c  g ro w th  r a t e ,  l a g  p h ase  , maximum o p t i c a l  
d e n s i t y ,  and  c e l l  s i z e  o f  P . h a lo d u r a n s  ( C - l )  and 
b a c t e r i a  i s o l a t e d  from  t h e  G rea t  Bay e s t u a r i n e  
com plex , grown a t  20 C and 200 rpm i n  m o d if ie d  
2216E medium w i th  s u p p le m e n ta l  NaCl c o n c e n t r a ­
t i o n s  r a n g in g  from 0 . 0  t o  3.4-5 M............................................  180
x i
2 4 .  R e d u c t io n  t im e  o f  t r i p h e n y l  t e t r a z o l i u m
c h l o r i d e  by  P .  h a lo d u r a n s  grown a t  20 C on 
m o d if i e d  22lloE a g a r  medium w i t h  t o t a l  NaCl 
c o n c e n t r a t i o n s  r a n g in g  from 0 . 0 1  t o  3 .7 5  M 
u s i n g  1 . 5  % a g a r  o r  10  % g e l a t i n  o v e r l a y s . .
25 . I n t r a c e l l u l a r  c o n c e n t r a t i o n s  o f  Na and K 
(mM) i n  c e l l s  o f  P .  h a lo d u r a n s  grown a t  
20 C and  200 rpm To e a r l y  l o g a r i t h m i c  (EL) , 
m id - lo g a r i t h m ic  (ML), l a t e  l o g a r i t h m i c  ( L L ) , 
and s t a t i o n a r y  (ST) p h a se  o f  g ro w th  i n  
m o d i f ie d  2216E medium.....................................................
2 6 . I n t r a c e l l u l a r  c o n c e n t r a t i o n s  o f  Na and K 
(mM) i n  c e l l s  o f  P .  h a lo d u r a n s  grown a t
20 6 and  200 rpm ¥0  e a r l y  l o g a r i t h m i c  (E L ) ,  
m id - l o g a r i t h m i c  (ML), l a t e  l o g a r i t h m i c  (L L ) ,  
and s t a t i o n a r y  (ST) p h a s e  o f  g ro w th  i n  
m o d i f ie d  2216E medium su p p lem en ted  w i th  1 .3 0  
M N aC l.........................................................................................................
2 7 . I n t r a c e l l u l a r  c o n c e n t r a t i o n s  o f  Na and K (mM) 
i n  c e l l s  o f  P .  h a lo d u r a n s  grown a t  20 C and
200 rpm t o  e a r l y  l o g a r i t h m i c  (E L ), m id - l o g a r i t h m i c  
(ML), l a t e  l o g a r i t h m i c  (L L ), and  s t a t i o n a r y  (ST) 
p h a se  o f  g ro w th  i n  m o d i f ie d  2216E medium 
su p p lem en ted  w i th  2 .6 0  M N aC l..................................................
2 8 . I n t r a c e l l u l a r  c o n c e n t r a t i o n s  o f  Na and K (mM) 
i n  c e l l s  o f  P .  h a lo d u r a n s  grown a t  20 C and 
200 rpm t o  e a r l y  l o g a r i t h m i c  p h a s e  (OD 420 nm =
0 .2 5 )  i n  m o d i f ie d  2216E medium and s u b s e q u e n t ly  
s t r e s s e d  w i th  2 .6 0  M NaCl f o r  2 4 , 4 8 , and  72 h . . ,
222 9 . P h y s i c a l  l o c a t i o n  and  Na a s s o c i a t e d  w i t h  c e l l s
o f  P .  h a lo d u r a n s  grown a t  20 C and 200 rpm t o
e a r l y  l o g a r i t h m i c  (E L ) , m id - l o g a r i t h m i c  (ML), 
l a t e  l o g a r i t h m i c  (L L ) ,  and s t a t i o n a r y  (ST) ph ase  
o f  g ro w th  i n  m o d i f i e d  2216E medium su p p le m e n te d  
w i th  1 .3 0  and 2 .6 0  M NaCl. A l l  v a lu e s  a r e
106 DPM..................................................................................................
2230 . P h y s i c a l  l o c a t i o n  and Na a s s o c i a t e d  w i t h  c e l l s
o f  P .  h a lo d u r a n s  grown a t  20 C and 200 rpm to
earT y  l o g a r i t h m i c  p h a se  (OD 420  nm = 0 .2 5 )  i n
m o d if ie d  2216E medium and s u b s e q u e n t ly  s t r e s s e d  
w i th  2 .6 0  M NaCl f o r  24 , 4 8 ,  and  72 h .  A l l  
v a lu e s  a r e  10^ DPM........................................................................
31. T o ta l  c o n c e n t r a t i o n  and r a t i o  o f  DNA:RNA:protein: 
c a r b o h y d r a t e :p h o s p h o l i p id  f o r  P .  h a lo d u r a n s  grown 
a t  20  C and 200 rpm t o  t h e  ea rT y  l o g a r i t h m i c  p h a se  
i n  m o d i f ie d  2216E medium w i th  s u p p le m e n ta l  NaCl 










32. T o ta l  c o n c e n t r a t i o n  and  r a t i o  o f  DN A:ENA:protein: 
c a r b o h y d r a t e  . -p h o sp h o l ip id  f o r  P .  h a lo d u r a n s  grown 
a t  20 C and 200 rpm t o  t h e  m id - l o g a r i t h m i c  p h a se  
i n  m o d i f ie d  2216E medium w ith  s u p p le m e n ta l  NaCl 
c o n c e n t r a t i o n s  r a n g in g  from  0 . 0  t o  3.4-5 M......................  189
33* T o ta l  c o n c e n t r a t i o n  an d  r a t i o  o f  DNA:ENA:protein: 
c a r b o h y d r a t e :p h o s p h o l i p i d  f o r  P . h a lo d u r a n s  grown 
a t  20 C and 200 rpm t o  t h e  l a t e  l o g a r i t h m i c  p h a se  
i n  m o d i f ie d  2216E medium w i th  s u p p le m e n ta l  NaCl 
c o n c e n t r a t i o n s  r a n g in g  from  0 . 0  t o  3.4-5 M......................  190
34-. T o ta l  c o n c e n t r a t i o n  and  r a t i o  o f  DNA:RNA:protein: 
c a r b o h y d r a t e : p h o s p h o l i p i d  f o r  P .  h a lo d u r a n s  grown 
a t  20 C and 200 rpm t o  t h e  s t a t i o n a r y  p h a s e  i n  
m o d i f ie d  2216E medium w i th  s u p p le m e n ta l  NaCl 
c o n c e n t r a t i o n s  r a n g in g  from  0 ,0  t o  3.4-5 M.....................  191
35. P e r c e n t  c h e m ic a l  c o n s t i t u e n t  o f d r y  w e ig h t  o f  
c e l l  e n v e lo p e s  e x t r a c t e d  from P . h a lo d u r a n s  
grown a t  20 G and 200 rpm to  t h e  e a r l y  l o g a r i t h m i c  
(EL) and s t a t i o n a r y  p h a s e  (ST) i n  m o d i f i e d  2216E 
medium and m o d i f ie d  2216E medium su p p le m e n te d  w i th
1 .7 0  and 3.4-3 Ii N aC l.........................................................................  192
36. Amino a c id  c o m p o s i t io n  ( e x p r e s s e d  a s  mM/mg c e l l  
e n v e lo p e )  o f  c e l l  e n v e lo p e s  e x t r a c t e d  from  P . 
h a lo d u r a n s  grown a t  20 C and 200 rpm t o  t h e  
s t a t i o n a r y  p h a s e  i n  m o d i f ie d  2216E medium and 
m o d if ie d  2216E medium su p p le m e n te d  w i th  1 .7 0
and 3.4-5 M N aC l..................................................................................... 193
x i i i
LIST OF FIGURES
Page
1 . S e a s o n a l  v a r i a t i o n s  o f  pH ( 0 ) ,  s a l i n i t y  ( a ) ,  
and  t e m p e r a t u r e  (O) o f  w a t e r  sam p les  c o l l e c t e d  
from  t h e  G r e a t  Bay e s t u a r i n e  com plex o n
d i f f e r e n t  s a m p lin g  d a t e s ................................................................... 194
2 .  C olony  f o rm in g  u n i t s  p e r  ml (CFU/ml) o f  " b a c te r ia  
w hich  d e v e lo p e d  f ro m  t h e  G r e a t  Bay e s t u a r i n e  
com plex  a t  20 G a f t e r  14- d a y s  i n c u b a t i o n  on 
m o d i f i e d  2216E (S e v e n  S e a s )  a g a r  medium and t h e  
medium s u p p le m e n te d  w i t h  NaCl c o n c e n t r a t i o n s  
r a n g in g  f ro m  0 .2 5  t o  1 .8 5  M o n  d i f f e r e n t
s a m p lin g  d a t e s ...........................................................................................  196
5 . C o lony  fo r m in g  u n i t s  o f  b a c t e r i a  w h ich  d e v e lo p e d  
from  t h e  G re a t  Bay e s t u a r i n e  com plex  a t  20 C 
a f t e r  14- d a y s  i n c u b a t i o n  on  m o d i f i e d  2216E 
(S even  S e a s )  a g a r  medium an d  t h e  medium s u p p le ­
m ented  w i t h  1 .0 0 ,  1 . 7 0 ,  and  2 .5 0  M NaCl on 
A p r i l  30 , 1 9 7 4 ...........................................................................................  198
4 .  P h a se  c o n t r a s t  p h o to m ic r o g r a p h s  o f  h a l o t o l e r a n t  
b a c t e r i a l  c e l l s  grow n a t  20 C and 200 rpm t o  t h e  
e a r l y  l o g a r i t h m i c  ( 3  h ) , m i d - l o g a r i t h m i c  (7  h ) , 
l a t e  l o g a r i t h m i c  (12  h ) , and  s t a t i o n a r y  (22  h )
p h a s e  i n  m o d i f i e d  2216E m edium .................................................... 200
5 .  P h a se  c o n t r a s t  p h o to m ic ro g r a p h s  o f  h a l o t o l e r a n t  
b a c t e r i a l  c e l l s  grow n a t  20 C and  200 rpm t o  t h e  
l a t e  l o g a r i t h m i c  p h a s e  i n  m o d i f i e d  2216E medium 
w i t h  t o t a l  NaCl c o n c e n t r a t i o n s  o f  0 . 0 1 ,  0 .0 5 ,
0 . 1 0 , and  0 . 3 0  M....................................................................................  202
6 . P h ase  c o n t r a s t  p h o to m ic r o g r a p h s  o f  b a c t e r i a l  
c e l l s  grown a t  20 C and 200  rpm to  t h e  l a t e  
l o g a r i t h m i c  p h a s e  i n  m o d i f i e d  2216E medium and 
t h e  medium su p p le m e n te d  w i t h  NaCl c o n c e n t r a t i o n s  
r a n g i n g  f ro m  0 .9 0  t o  3 -45  M N aC l............................................... 204-
7 .  P h a se  c o n t r a s t  p h o to m ic r o g r a p h s  o f  b a c t e r i a l  
c e l l s  grow n a t  20 C and 200 rpm f o r  3 h  i n  
m o d i f i e d  2216E medium and s t r e s s e d  s u b s e q u e n t l y
w i th  2 .6 0  M NaCl f o r  12 , 2 4 ,  4 8 ,  and 72  h ..............   206
8 . T r a n s m i s s io n  e l e c t r o n  p h o to m ic ro g r a p h s  o f  
b a c t e r i a l  c e l l s  grown a t  20  C and 200  rpm t o  
t h e  l a t e  l o g a r i t h m i c  p h a s e  i n  m o d i f i e d  2216E 
medium a n d  t h e  medium su p p le m e n te d  w i t h  NaCl 
c o n c e n t r a t i o n s  r a n g i n g  from  0 . 9 0  t o  3 .4 5  M......................  208
x iv
9 .  T r a n s m is s io n  e l e c t r o n  p h o to m ic ro g ra p h s  o f  
h a c t e r i a l  c e l l s  grown a t  20  G and 200  rpm t o  
t h e  l a t e  l o g a r i t h m i c  p h a se  i n  m o d i f ie d  2216E 
medium and  t h e  medium su p p le m e n te d  w i th  1 . 7 0 ) 
2 .6 0 ,  and 3 -4 5  M N aC l.................................................................
1 0 . S c a n n in g  e l e c t r o n  p h o to m ic ro g ra p h s  o f  h a c t e r i a l  
c e l l s  grown a t  20 C and 200 rpm t o  t h e  l a t e  
l o g a r i t h m i c  p h a s e  i n  m o d i f i e d  2216E medium and 
th e  medium su p p le m e n te d  w i th  2 .6 0  M N aCl....................
11 . Growth c u rv e  o f  P .  h a lo d u r a n s  grown a t  20 C 
and 200 rpm i n  m o d i f i e d  25 l6E  medium and t h e  
medium su p p le m e n te d  w i th  NaCl c o n c e n t r a t i o n s  
r a n g in g  from  0 .9 0  t o  4 .3 0  M...................................................
12 . C u l t u r a l  s t a g e s  o f  g row th  o f  P .  h a lo d u r a n s  
grown a t  20 C and 200 rpm i n  m o d i f i e d  2216E 
medium (b ro k e n  l i n e ) ....................................................................
13 . S p e c i f i c  g ro w th  r a t e  o f  P .  h a lo d u r a n s  grown 
a t  t e m p e r a t u r e s  r a n g in g  Trom 5 t o  53 C and 
200 rpm i n  m o d i f i e d  2216E medium c o n t a i n i n g  
1 .0  % n u t r i e n t s  w i t h  t o t a l  NaCl c o n c e n t r a t i o n s  
r a n g in g  from  0 .0 1  t o  3 .7 5  M  ...........................
14 . S p e c i f i c  g ro w th  r a t e  o f  P .  h a lo d u r a n s  grown
a t  t e m p e r a t u r e s  r a n g in g  Trom 5 t o  35 C and 200 
rpm i n  m o d i f ie d  2216E medium c o n t a i n i n g  0 .2  % 
n u t r i e n t s  w i th  t o t a l  NaCl c o n c e n t r a t i o n s  
r a n g in g  from  0 . 0 1  t o  3-75  M...................................................
15 . S p e c i f i c  g ro w th  r a t e  o f  _P. h a lo d u r a n s  grown 
a t  t e m p e r a t u r e s  r a n g in g  from  5 t o  35 C and 
200 rpm i n  m o d i f i e d  2216E medium c o n t a i n i n g  
0 .0 2  % n u t r i e n t s  w i th  t o t a l  NaCl c o n c e n t r a t i o n s  
r a n g in g  from  0 . 0 1  t o  3-75  M...................................................
16 . Maximum o p t i c a l  d e n s i t y  a t t a i n e d  by  P .  h a lo d u r a n s  
grown a t  20 C and 200 rpm i n  modifiecT 2216E 
medium w i th  t o t a l  NaCl c o n c e n t r a t i o n s  r a n g in g  
from 0 .0 0  t o  4 . 1 0  M......................................................................
17 . Oxygen u t i l i z a t i o n  by  P . h a lo d u r a n s  a t  20  C 
i n  m o d i f ie d  2216E medium w i t h  t o t a l  NaCl 
c o n c e n t r a t i o n s  r a n g in g  from  0 .0 1  t o  5 -45  M...............
1 8 .  Oxygen u t i l i z a t i o n  by  P .  h a lo d u r a n s  grown 
i n i t i a l l y  a t  20 C and "200 'rpm t o  t h e  l a t e  
l o g a r i t h m i c  p h a s e  i n  m o d i f i e d  2216E medium 
su p p le m e n te d  w i th  1 .7 0  M NaCl and s t u d i e d  
s u b s e q u e n t ly  a t  20 C i n  m o d i f i e d  2216E medium 
w i th  t o t a l  NaCl c o n c e n t r a t i o n s  r a n g in g  from  












1 9 .  Oxygen u t i l i z a t i o n  by  P .  h a lo d u r a n s  grown 
i n i t i a l l y  a t  20  C and TOO rpm t o  t h e  l a t e  
l o g a r i t h m i c  p h a s e  i n  m o d i f i e d  2216E medium 
su p p le m e n te d  w i th  2 .6 0  M NaCl and s t u d i e d  
s u b s e q u e n t ly  a t  20 C i n  m o d i f i e d  2216E 
medium w i th  t o t a l  NaCl c o n c e n t r a t i o n s
r a n g in g  from  0 .2 0  t o  4 .6 0  M  .........................................  230
2 0 .  R e d u c t io n  o f  t r i p h e n y l t e t r a z o l i u m  c h l o r i d e
(TTC) b y  P . h a lo d u r a n s  in c u b a te d  a t  20 C 
i n  m o d if i e d  22T6E- medium w i th  t o t a l  NaCl 
c o n c e n t r a t i o n s  r a n g in g  from  0 .0 1  t o  3 . 7 5
H N a C l..........................................................................................................  232
2 1 . R e d u c t io n  o f  d i c h l o r o in d o p h e n o l  (DCIP) by
P . h a lo d u r a n s  i n c u b a te d  a t  20 C i n  m o d i f i e d  
"521^Tr^e3Tum~with t o t a l  NaCl c o n c e n t r a t i o n s
r a n g in g  from  0 .0 1  to  3 -7 5  M N aCl..............................................  234
2 2 . R e d u c t io n  o f  m e th y le n e  b l u e  (KB)  b y  P .
h a lo d u r a n s  i n c u b a te d  a t  20 C i n  m od iT ied  
2216# medium w i t h  t o t a l  NaCl c o n c e n t r a t i o n s
r a n g in g  from  0 .0 1  to  3 .7 5  M N aCl..............................................  236
2 3 . A b s o r p t io n  sp e c tru m  o f  t h e  re d u c e d  cy toch ro m e  
from  w hole c e l l  e x t r a c t s  o f  P .  h a lo d u r a n s
grown a t  20 C and 200 rpm t o  t h e  l a t e  l o g a r i t h m i c
p h a s e  i n  m o d i f i e d  2216E medium (A ,B ,C ) and
medium su p p le m e n te d  w i t h  2 .6 0  M NaCl ( A ' , B ' , C ' ) . . . .  238
2 4 . D i f f e r e n c e  sp e c tru m  o f  t h e  o x i d iz e d  and  t h e n  
r e d u c e d  c y to ch ro m es  from  w hole  c e l l  e x t r a c t s  
o f  P .  h a lo d u r a n s  grown a t  20 C and 200 rpm to  
th e - l a t e  l o g a r i t h m i c  p h a s e  i n  m o d i f ie d  2216E 
medium (A ,B ,C ,D ) and medium su p p le m e n te d  w i th
2 .6 0  M NaCl (A ' ,B ' ,C ' ,D ) ...............................................................  240
PP25 . Na a s s o c i a t e d  w i th  t h e  c e l l  p e l l e t s  ( • )  and 
g ro w th  (O) o f  P .  h a lo d u r a n s  a t  20 C and  200 rpm 
i n :  (A) m odifT ed  221512 meclium and t h e  medium 
s t r e s s e d p W i th  2 .6 0  K s u p p le m e n ta l  NaCl and  0 .3 9  
MCi/ml ^ N a C l  a f t e r  a t t a i n i n g  an  o p t i c a l  d e n s i t y  
o f  0 .2 5  ( a r r o w s ) ,  (B) m o d i f i e d  2216E medium 
su p p le m e n te d  w i t h  1 .3 0  M NaCl, and (C) m o d if ie d
2216E medium su p p le m e n te d  w i th  2 .6 0  M N aC l....................  242
2 6 . C :N :P  r a t i o s  o f  P .  h a lo d u r a n s  grown a t  20 C and 
200 rpm f o r  3 h  Tn m o d i f i e d  2216E medium w i th  
a l i q u o t s  removed and s t r e s s e d  w i th  2 .6 0  and 
4 .3 0  M N aCl............................................................................................... 244
x v i
2 7 . U l t r a v i o l e t  sp e c tru m  o f  t h e  c u l t u r a l  s u p e r n a t e s  
from  P . h a lo d u r a n s  c e l l s  grown a t  20 0 and 200 
rpm t o  t h e  e a r l y  l o g a r i t h m i c  (EL) and stationary 
(ST) p h a s e  i n  m o d i f ie d  2216E medium and th e
medium su p p le m e n te d  w i t h  1 .7 0  and  3 .4 5  M N aC l.............  246
2 8 . T r a c in g s  o f  t h i n - l a y e r  ch rom atogram s by  t h i n -  
l a y e r  c h ro m a to g ra p h y  o f  c e l l  e n v e lo p e  
p h o s p h o l i p id s  o f  P .  h a lo d u r a n s  c e l l s  grown
a t  20 C and  200 rpm t o  t h e  s t a t i o n a r y  p h a se  i n  
m o d if ie d  2216E medium and t h e  medium s u p p le ­
m ented w i t h  1 .7 0  and  3*45 M N aC l............................................  248
2 9 .  T r a n s m is s io n  e l e c t r o n  p h o to m ic ro g ra p h s  of
t h i n  s e c t i o n s  o f  c e l l  e n v e lo p e s  o f  P .  h a lo d u r a n s  
grown a t  20  C and 200  rpm to  t h e  s t a t i o n a r y  
p h a se  i n  m o d i f ie d  2216E medium and th e  medium
su p p le m e n te d  w i th  1 .7 0  and 3 .4 5  M N aCl.............................. 250
30 . T r a n s m is s io n  e l e c t r o n  p h o to m ic ro g ra p h s  o f  
t h i n  s e c t i o n s  o f P .  h a lo d u r a n s  c e l l s  grown 
a t  20 C a n d  200 rpm t o  t h e  s t a t i o n a r y  p h a se  
i n  m o d if i e d  2216E medium and t h e  medium 
su p p le m e n te d  w ith  1 .7 0  and 3 -4 5  M N aCl.............................. 252
31 . S p e c i f i c  a c t i v i t y  o f  a s p a r t a t e  t r a n s -  
c a rb a m y la s e  (ATCase) i s o l a t e d  a s  a  c ru d e  
e x t r a c t  f ro m  P. h a lo d u r a n s  c e l l s  grown a t  
20 C and 200  rpm t o  t h e  s t a t i o n a r y  p h ase  
i n :  (A) m o d i f ie d  2216E medium and (B) 
m o d if ie d  2216E medium c o n t a i n i n g  2 .9 0  M 
NaCl and  m easu red  a t  20 C i n  m o d i f ie d  
2216E medium w ith  t o t a l  NaCl c o n c e n t r a t i o n s
ra n g in g  f ro m  0 .01  t o  3 . 7 5  M........................................................  254
x v i i
ABSTRACT
THE ISOLATION AND CHARACTERIZATION OF PSEUDOMONAS 
HALODURANS, SP. NOV. SELECTED FROM THE (JrEAT'MY 
ESTUARY AS A HALOTOLERANT SPECIES
by
ARTHUR ROSENBERG
The b a c t e r i a l  p o p u l a t i o n  o f  t h e  G re a t  Bay e s t u a r i n e  
com plex , Durham, New H am psh ire , was i n v e s t i g a t e d  f o r  
t o l e r a n c e  t o  NaCl a d d i t i o n s  up t o  5 .0 5  M. U sing  a 
m o d if ie d  2216E ( 0 . 1  % p e p to n e  and y e a s t  e x t r a c t )  a g a r  medium 
a d j u s t e d  t o  a  s a l i n i t y  o f  26 -  1 p p t  a s  a s t a n d a r d ,  t h e  
b a c t e r i a l  CFU/ml w ere  r e c o r d e d  a f t e r  i n c u b a t i o n  f o r  two weeks 
a t  20 C. When 3 - f o l d  NaCl ( a b o u t  1 .0  M) was added  t o  t h e  
a g a r  medium, l e s s  t h a n  20 % o f  t h e  c o l o n i e s  on t h e  s t a n d a r d  
medium d e v e lo p e d .  When t h e  m o d i f i e d  2216E medium c o n ta in e d  
more t h a n  2 .0  M N aCl, t h e  CFU/ml w ere  l e s s  t h a n  1 % o f  t h e  
s t a n d a r d  s a l i n i t y  p l a t e s .  The c o l o n i e s  a p p e a re d  t o  b e  
s i m i l a r ,  a s  b e ig e  1 - 2  mm i n  d i a m e t e r ,  sm ooth, c i r c u l a r ,  
r a i s e d  t o  con vex , and  e n t i r e  c o lo n y  t y p e s .  B a c t e r i a l  c e l l s  
i s o l a t e d  d i r e c t l y  f ro m  t h e s e  s a l t - s u p p l e m e n t e d  p l a t e s  were 
g r a m - n e g a t iv e ,  n o n m o t i l e  b a c i l l i ,  m e a su r in g  2 .0  t o  2 .5  ym 
i n  d i a m e te r  by  3*5 t o  5*0 um i n  l e n g t h .  By c o l o n i a l  
a p p e a ra n c e ,  s u g a r  u t i l i z a t i o n ,  a n t i b i o t i c  s e n s i t i v i t y ,  
c a t a l a s e  and  o x id a s e  r e a c t i o n ,  DNA-DNA h y b r i d i z a t i o n ,  and  
o t h e r  taxonom ic  d e t e r m i n a t i o n s  c o n d u c te d  a t  26 p p t  and  t h e  
h i g h e r  s a l i n i t i e s ;  t h e s e  h a l o t o l e r a n t  b a c t e r i a l  i s o l a t e s  
were a lw a y s  s i m i l a r  and i d e n t i c a l .
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The h a l o t o l e r a n t  b a c t e r i a l  c e l l s  d i d  n o t  l i q u i f y  
g e l a t i n ,  had  a  t e m p e r a tu r e  ra n g e  b e tw e e n  5 and 35 C w i th  
an  optimum t e m p e r a t u r e  b e tw ee n  20  and 25 C, and a  g u a n in e  
p l u s  c y t o s i n e  (GC) m o la r  % o f  6 3 -2  -  0 .5 -  These and  o t h e r  
d i a g n o s t i c  c h a r a c t e r i s t i c s  p l a c e d  t h e  b a c te r iu m  i n  t h e  genus 
Pseudom onas, The a b i l i t y  o f  t h e s e  c e l l s  t o  t o l e r a t e  
s u p p le m e n ta l  NaCl g r e a t e r  t h a n  2 . 0  H s u g g e s te d  t h e  s p e c i e s  
name h a lo d u r a n s  s p .  n o v . , m eaning  h a l o t o l e r a n t .
P .  h a lo d u r a n s  grown i n  m o d i f i e d  2216E medium were 
0 .5  to  0 .7  urn i n  d i a m e t e r  and 1 .5  t o  1 .7  |*m i n  l e n g t h .  The 
c e l l s  w ere  a r r a n g e d  s i n g l y  o r  i n  p a i r s ,  and  m o t i l e  w i th  a 
s i n g l e  p o l a r  f l a g e l l u m .  F l a g e l l a t i o n  o c c u r r e d  o n ly  i n  s a l i n e  
medium up t o  0 .9  M N aC l. The s a l t  s t r e s s  o f  P .  h a lo d u r a n s  
was n o t  NaCl s p e c i f i c  s i n c e  o t h e r  s a l t s  a f f e c t e d  t h e  g row th  
r e s p o n s e  s i m i l a r l y .  The r e q u i r e m e n t s  f o r  m ajo r  i o n s  on a 
Na d e f i c i e n t  0 .1  % g lu c o s e  s y n t h e t i c  s e a w a te r  medium w ere :
Na above 35 Mg above  8 mil, K above 4- mM, and Ca above 3 
mM. P .  h a lo d u r a n s  grew  o p t i m a l l y  a t  i o n i c  c o n c e n t r a t i o n s  
r e p r e s e n t a t i v e  o f  t h e  e s t u a r y .
The g ro w th  o f  P .  h a lo d u r a n s  was i n h i b i t e d  p r o g r e s s i v e l y  
a s  NaCl was su p p le m e n te d  t o  m ed ia  t o  a f i n a l  t o l e r a n c e  o f  
3.4-5 M. T h is  s a l t  i n h i b i t i o n  was i o n i c  r a t h e r  t h a n  o sm o tic  
s i n c e  g l y c e r o l  and s u c r o s e  a t  s i m i l a r  o sm o tic  c o n c e n t r a t i o n s  
d i d  n o t  c a u s e  i n h i b i t i o n .  The b a c t e r iu m  was n o t  a d a p t iv e  t o  
v a r y i n g  s a l t  c o n c e n t r a t i o n s  i n d i c a t i n g  i t s  s t a b l e  s t e n o h a l i n e  
c h a r a c t e r .  C e l l s  i n  l a t e  l a g  g ro w th  w ere  more r e s i l i e n t  t o  
NaCl s t r e s s  t h a n  a t  o t h e r  s t a g e s  o f  g ro w th .
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R e s p i r a t i o n  was a f f e c t e d  s i m i l a r l y  t o  g ro w th  "by v a r y in g  
NaCl c o n c e n t r a t i o n s .  As i n d i c a t e d  "by t r i p h e n y l  t e t r a z o l i u m  
c h l o r i d e  r e d u c t i o n ,  t h e  c e l l s  w ere  r e s p i r a t o r y  s u f f i c i e n t  up 
to  3 .4 5  M NaCl. T e s t s  w i t h  m e th y le n e  b lu e  and  d i c h l o r o i n d o -  
p h e n o l  r e d u c t i o n  i n d i c a t e d  NaCl s t r e s s  a f f e c t e d  r e s p i r a t i o n  
a t  o r  b e f o r e  t h e  f l a v o p r o t e i n - q u i n o n e  b u t  n o t  t h e  cy toch rom e 
e l e c t r o n  t r a n s p o r t  s y s te m . The r e g u l a t o r y  enzyme, a s p a r t a t e  
t r a n s c a r b a m y la s e ,  i n d i c a t e d  optimum a c t i v i t y  o f  NaCl 
c o n c e n t r a t i o n s  r e p r e s e n t a t i v e  o f  t h e  e s t u a r y .
A c cu m u la t io n  o f  K by  t h e  c e l l s  d u r i n g  NaCl s t r e s s  was
a c o m p e n sa to ry  m echanism  w hich  was r e l a t e d  t o  i n c r e a s i n g  c e l l
22 22s i z e .  C e l l  e n v e lo p e s  a c c u m u la te d  Na d u r i n g  NaCl s t r e s s .
DNA, RNA, p r o t e i n ,  c a r b o h y d r a t e ,  and  p h o s p h o l i p id  
r a t i o s  d id  n o t  v a r y  i n  t h e  c e l l s  d u r i n g  NaCl s t r e s s .  L ik e w is e ,  
t o t a l  p r o t e i n ,  amino a c i d s ,  and p h o s p h o l i p id  d i d  n o t  v a r y  i n  
t h e  c e l l  e n v e lo p e s  o f  N a C l - s t r e s s e d  c e l ls .
P . h a lo d u r a n s  was a  h a l o t o l e r a n t  b a c t e r iu m  s e l e c t e d  
from t h e  G re a t  Bay e s t u a r y  w i th  h i g h  r e s i s t a n c e  t o  s u p p le m e n ta l  
NaCl. The p e r s i s t e n t  s t e n o h a l i n e  n a t u r e  o f  t h e  b a c t e r iu m  
i n d i c a t e d  a  dynam ic p h y s i o l o g i c a l  a d a p t a t i o n  t o  NaCl s t r e s s  




H a l o t o l e r a n c e , t h e  a b i l i t y  t o  t o l e r a t e  NaCl co n ce n ­
t r a t i o n s  many t im e s  g r e a t e r  t h a n  th o s e  e n c o u n te r e d  b y  an 
o rg an ism  i n  i t s  n a t u r a l  e n v iro n m e n t ,  i s  m ore common among 
t e r r e s t r i a l  t h a n  m ar in e  b a c t e r i a  (MacLeod, 1 9 6 5 ) .  S in c e  
t e r r e s t r i a l  b a c t e r i a  a r o s e  p ro b a b ly  from  m a r in e  b a c t e r i a  
(MacLeod, 1 9 6 5 ) ,  th e  p o s s i b i l i t y  e x i s t s  t h a t  h a l o t o l e r a n c e  
o c c u r s  i n  t h e  m ar in e  e n v iro n m e n t .  However, t h e  m ost d e t a i l e d  
s t u d i e s  o f  m a r in e  b a c t e r i a  d e a l  w i th  t h e i r  r e q u i r e m e n t s  f o r ,  
r a t h e r  th a n  w i th  t h e i r  t o l e r a n c e  o f ,  NaCl (MacLeod, 1965 and. 
1 9 6 8 ) .  NaCl c o n c e n t r a t i o n s  a few t im e s  h i g h e r  th a n  t h o s e  o f  
s e a w a te r  r e p o r t e d l y  i n h i b i t  o r  a r r e s t  g ro w th  o f  m ost m ar in e  
b a c t e r i a .
The p r e s e n t  s t u d y  was i n i t i a t e d  w i t h  an i n v e s t i g a t i o n  
o f  t h e  e u r y - o r  s t e n o h a l i n e  r e s p o n s e  o f  t h e  e s t u a r i n e  b a c t e r i a l  
p o p u l a t i o n  t o  t h e  s e l e c t i v e  e f f e c t s  o f  t h e  v a r i o u s  m a jo r  io n s  
o f  s e a w a te r  i n  c o n c e n t r a t i o n s  g r e a t e r  t h a n  t h o s e  o f  s e a w a te r .  
The G re a t  Bay e s t u a r i n e  complex was c h o s e n  a s  e s t u a r i n e  
b a c t e r i a  were s u s p e c te d  o f  t o l e r a n c e  t o  f l u c t u a t i o n s  i n  
s a l i n i t y .  Would s u p p le m e n ta l  m a jo r  i o n s ,  e s p e c i a l l y  NaCl, 
e x e r t  t o x i c  e f f e c t s  on t h e  e n t i r e  e s t u a r i n e  b a c t e r i a l  
p o p u l a t i o n  o r  would h a l o t o l e r a n t  b a c t e r i a l  s p e c i e s  emerge?
I f  s o ,  would d i v e r s i f i e d  b a c t e r i a l  s p e c i e s  b e  s e l e c t e d ,  o r  
w ould  su p p le m e n ta l  NaCl c o n c e n t r a t i o n s  s e l e c t  f o r  a  h a l o ­
t o l e r a n t  b a c t e r i a l  i s o l a t e ?  The r e m a in d e r  o f  th e
1
2i n v e s t i g a t i o n  d e a l s  w i th  t h e  b a s i s  o f  t h e  h a l o t o l e r a n c e  o f  
s e l e c t e d  b a c t e r i a .  How would s u p p le m e n ta l  NaCl a f f e c t  th e  
p h y s io lo g y  o f  h a l o t o l e r a n t  i s o l a t e s  and  was h a l o t o l e r a n c e  
a d a p ta b l e ?  Was th e  e f f e c t  i o n i c  o r  o sm o tic ?  D id t h e  
i n t r a c e l l u l a r  i o n i c  c o n c e n t r a t i o n  i n c r e a s e  as t h e  s u p p le m e n ta l  
medium NaCl i n c r e a s e  o r  w ere  t h e  i o n s  ex c lu d ed ?  What was 
t h e  e f f e c t  o f  an  i n c r e a s e  i n  th e  i n t r a c e l l u l a r  i o n i c  
c o n c e n t r a t i o n  on t h e  b i o s y n t h e t i c  and  enzym atic  m ac h in e ry  
o f  t h e  c e l l s ?  I n v e s t i g a t i o n s  o f  t h e s e  and  o th e r  q u e s t i o n s  may 
c o n t r i b u t e  t o  a  f u l l e r  u n d e r s t a n d i n g  o f  h a lo p h i l i s m  and h a l o ­
t o l e r a n c e  .
3CHAPTER I I  
LITERATURE REVIEW
M a rin e  b a c t e r i a  have  b e e n  d e f in e d  b y  Z oB ell and  Upham 
(194-4-) a s  t h o s e  b a c t e r i a  i s o l a t e d  from t h e  s e a  w hich  upon  
i n i t i a l  i s o l a t i o n  r e q u i r e d  s e a w a te r  f o r  t h e i r  p r o p a g a t i o n .
T h is  d e f i n i t i o n  o f  m a r in e  b a c t e r i a  h a s  b e e n  a c c e p te d  g e n e r a l l y  
b u t  h a s  r a i s e d  q u e s t i o n s .  How s t a b l e  i s  t h e  s e a w a te r  r e q u i r e ­
ment? What f u n c t i o n s  do t h e  i o n s  d i s s o l v e d  i n  s e a w a te r  s e rv e  
f o r  t h e  m ic ro o rg a n is m s  in d ig e n o u s  t o  i t ?  How c l o s e l y  
r e s t r i c t e d  a r e  m a r in e  b a c t e r i a  t o  t h e  s a l i n i t y  o f  t h e  ocean? 
What a r e  t h e  o v e r a l l  e f f e c t s  o f  t h e  s a l t s  d i s s o l v e d  i n  
s e a w a te r  upon  m ar in e  b a c t e r i a ?  A number o f  i n v e s t i g a t i o n s  
have  c o n t r i b u t e d  t o  a n sw e r in g  t h e s e  fu n d a m e n ta l  q u e s t i o n s  
r e g a r d i n g  m a r in e  b a c t e r i a  a s  sum m arized by  MacLeod ( 1 9 6 8 ) .
The s a l i n i t y  o f  s e a w a te r  h a s  b e e n  d e f i n e d  a s  t h e  
w e igh t i n  g o f  t h e  d i s s o l v e d  i n o r g a n i c  m a t t e r  i n  1 k g  o f  
s e a w a te r  a f t e r  a l l  B r and I  h av e  b e e n  r e p l a c e d  by t h e  
e q u i v a l e n t  amount o f  C l ,  a l l  c a r b o n a te  c o n v e r t e d  t o  o x id e ,  
and a l l  o r g a n ic  m a t t e r  removed (K nudsen , 1 9 0 1 ) .  The t o t a l  
s a l t  c o n t e n t  o f  s e a w a te r  i s  a b o u t  0.4-5 % g r e a t e r  t h a n  i t s  
s a l i n i t y  i f  d e f in e d  i n  t h i s  way. The f a c t o r s  a f f e c t i n g  th e  
s a l i n i t y  o f  t h e  open ocean  a re  b a s i c a l l y  c l i m a t i c  o n e s .  The 
s a l i n i t y  d i s t r i b u t i o n  i n  th e  o p en  ocean  t e n d s  t o  b e  z o n a l  and 
ran g e  from  32 t o  37*3 p p t .  The m ost a b u n d an t  i o n  i n  s e a w a te r  
o f  a s a l i n i t y  o f  35 p p t  i s  Cl w i t h  a m o l a r i t y  o f  0.54-83 
( S i l l e n ,  1 9 6 1 ) .  The c o n c e n t r a t i o n  o f  Na, t h e  se co n d  m ost
a b u n d a n t  i o n  i n  s e a w a t e r ,  i s  0 .4 7 0 2  M ( S i l l e n ,  1 9 6 1 ) .  Sodium 
c h l o r i d e  c o n s t i t u t e s  85 % o f  t h e  t o t a l  s a l i n i t y  o f  t h e  open 
o c e a n .  The o c e a n s  o f  th e  w o r ld  a r e  n o t  s a t u r a t e d  w i t h  NaCl 
a s  t h e  s o l u b i l i t y  o f  t h i s  s a l t  i n  w a te r  r a n g e s  from  0 t o  6 M 
(Hodgman, 1959)* i t  i s  n o t  s u r p r i s i n g  t h a t  NaCl and  t h e  
o t h e r  i o n i c  s p e c i e s  d i s s o l v e d  i n  t h e  o c e a n s  o f  t h e  w o r ld  
e x e r t  a p r o fo u n d  i n f l u e n c e  on l i f e .
B a c t e r i a  a r e  c a p a b le  o f  g row ing i n  n a t u r a l  e n v iro n m e n ts  
c o n t a i n i n g  t h e  f u l l  r a n g e  o f  NaCl c o n c e n t r a t i o n  (Brown, 1964). 
Only a  few  l i v i n g  c r e a t u r e s  c a n  s u r v iv e  i n  b o th  f r e s h  w a te r  and  
s e a w a te r .  T h is  i s  t r u e  f o r  b a c t e r i a ,  f u n g i ,  g r e e n  p l a n t s ,  and 
a n im a l s .  I n  th e  c a s e  o f  b a c t e r i a ,  c u l t u r a l  c o n d i t i o n s  such  a s  
m edia  (K lu y v e r  and B a a r s ,  1932; L a r s e n ,  1 9 6 2 ) ,  n u t r i e n t  co ncen­
t r a t i o n s  i n  t h e  medium (In g ram , 1 9 5 7 ) ,  and  i n c u b a t i o n  t e m p e r a tu r e  
( N o v i t s k y  and K u s h n e r ,  1975) a l t e r e d  s i g n i f i c a n t l y  a n  o r g a n i s m 's  
r e s p o n s e  t o  NaCl. A c l a s s i f i c a t i o n  o f  m ic ro o rg a n is m s  on th e  
b a s i s  o f  t h e i r  r e a c t i o n  to  NaCl f o l lo w s :
D e s c r i p t i o n  M ic r o b ia l  R e a c t io n
H a lo p h o b ic  b a c t e r i a  Grow o n ly  i n  m ed ia  c o n t a i n ­
in g  l e s s  t h a n  0 .2  M NaCl.
F a c u l t a t i v e  h a l o p h i l i c  b a c t e r i a  Grow i n  m edia  c o n t a i n i n g
0 .2  -  4 . 3  M NaCl, b u t  do n o t  
r e q u i r e  NaCl f o r  g ro w th .
O b l i g a t e  h a l o p h i l i c  b a c t e r i a  Grow o p t i m a l l y  i n  m ed ia  co n -
S l i g h t  h a l o p h i l i c  b a c t e r i a  t a i n i n g  0 .5  -  3 .0  M NaCl.
M od era te  h a l o p h i l i c  b a c t e r i a  Grow o p t i m a l l y  i n  m ed ia  con­
t a i n i n g  0 . 5  -  3 .0  M NaCl,
b u t  grow i n  m ed ia  c o n t a i n i n g  
up t o  4 . 5  M NaCl.
E x trem e h a l o p h i l i c  b a c t e r i a  Grow o p t i m a l l y  i n  m ed ia  con­
t a i n i n g  2 .6  -  5 . 8  M NaCl and  
do n o t  grow be lo w  2 .0  M NaCl.
5T h is  ro u g h  c l a s s i f i c a t i o n  i s  b a s e d  upon  c o n v e n ie n c e .  T h ere  
i s  a p ro b lem  i n  c h o o s in g  s p e c i f i c  t h r e s h o l d  c o n c e n t r a t i o n s  o f  
NaCl i n  o r d e r  t o  make e x a c t  d i s t i n c t i o n s  i n  te rm s  and  i n t e r ­
m e d ia te '  t y p e s  (S ch o o p , 1934; F l a n n e r y ,  1956; Ing ram , 1957; 
L a r s e n ,  1 9 6 2 ) .
The h i g h e s t  b a c t e r i a l  p l a t e  c o u n ts  from  s e a w a te r  
sam p le s  w ere  o b t a i n e d  i f  t h e  medium was p r e p a r e d  w i th  s e a w a te r  
o r  0 . 5  M NaCl ( F i s c h e r ,1 8 9 4 ) .  The n e c e s s i t y  f o r  s e a w a te r  o r  
NaCl was p resum ed t o  r e f l e c t  a  r e q u i r e m e n t  o f  m ar in e  b a c t e r i a  
f o r  a medium i n  w hich  s a l t s  m a in ta in e d  a s u i t a b l e  o sm o tic  
p r e s s u r e .  T h is  c o n c l u s i o n  o r i g i n a t e d  from o b s e r v a t i o n s  made 
b y  H arvey  (1915 )  t h a t  m a r in e  b a c t e r i a - l y s e d  when su sp en d e d  i n  
s e a w a te r  to o  g r e a t l y  d i l u t e d  w i th  d i s t i l l e d  w a te r .  However, 
R i c h t e r  (1928) d e m o n s t r a te d  t h e  r e q u i r e m e n t  o f  a m a r in e  
lum inou s  b a c te r iu m  was s a t i s f i e d  o n ly  by s p e c i f i c  Na s a l t s .
T h is  o b s e r v a t i o n  h a s  b e e n  a m p l i f i e d  by MacLeod and O nofrey  
( 1956 ) who d e m o n s t r a te d  t h a t  f o r  t h e  m a r in e  b a c t e r i a  
i n v e s t i g a t e d ,  Na ( a s  w e l l  a s  K and  Mg) was r e q u i r e d  f o r  g ro w th . 
T hese  o b s e r v a t i o n s  s u g g e s te d  t h a t  m ar in e  b a c t e r i a  w ere  
d i s t i n g u i s h a b l e  from  t e r r e s t r i a l  fo rm s by a d e m o n s t r a b le  need  
f o r  Na i n  t h e  medium f o r  g ro w th .  The m a r in e  b a c te r iu m  
o r i g i n a l l y  d e s i g n a t e d  a s  B-16 (MacLeod and O n o fre y ,  1956) and 
now c l a s s i f i e d  a s  A lte ro m o n as  m a r in o p r a e s e n s  (Baumann _et a l . , 
1972) r e q u i r e d  0 .2  -  0 .5  M NaCl f o r  o p t im a l  g ro w th  (MacLeod 
and O n o fre y ,  1 9 5 7 a 5b ,  1 9 5 8 ) .  Below t h e s e  c o n c e n t r a t i o n s  o f  
Na, t h e  amount o f  g ro w th  o b t a i n e d  i n  48  h was ro u g h ly  
p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  Na. A. m a r in o p ra e s e n s
6d i d  n o t  grow a t  Na c o n c e n t r a t i o n s  s i g n i f i c a n t l y  be low  0 .0 3  M 
ev en  a f t e r  a t t e m p t s  a t  a d a p t a t i o n .  The r e q u i r e m e n t  f o r  Na 
was n o t  r e p l a c e d  by  L i ,  Rb, K, and Cs e x c e p t  f o r  s h o r t  
i n c u b a t i o n  p e r i o d s  (MacLeod and O n o fre y ,  1 9 3 6 ) .
T y le r  _et_ a l .  ( i9 6 0 )  exam ined 96 b a c t e r i a  i s o l a t e d  from 
s e a w a te r  i n  F l o r i d a .  They w ere  g r a m - n e g a t iv e  r o d s  o r  s p i r a l  
fo rm s ,  and th o u g h  a p e p to n e  medium ( 0 . 1  % i n  d i s t i l l e d  w a te r )  
was u s e d ,  t h e  c u l t u r e s  r e q u i r e d  add ed  NaCl f o r  good g ro w th .
T hey c o n c lu d e d  t h a t  an i r r e p l a c e a b l e  m in im al Na r e q u i r e m e n t  
was a  d i s t i n c t i v e  p r o p e r t y  o f  m a r in e  b a c t e r i a .
M inim al s p a r i n g  a c t i o n  f o r  Na h a s  b e en  d e m o n s tr a te d  
b y  K o r  Mg ( P r a t t ,  1974; H idaka  and S a k a i ,  1970; MacLeod,
1 9 6 5 ) .  MacLeod and O nofrey  ( 1 9 5 7 a ) u s in g  A. m a r in o p ra e s e n s  
d e m o n s t r a te d  a  m in im al s p a r i n g  a c t i o n  f o r  Na by  K and Mg a t  
NaCl c o n c e n t r a t i o n s  g r e a t e r  th a n  0 .0 1  M. K and Mg c o n c e n t r a ­
t i o n s  2 -  A- t im e s  g r e a t e r  t h a n  s e a w a t e r  c o n c e n t r a t i o n s  s p a re d  
up t o  20 % o f  t h e  Na r e q u i r e m e n t .  P r a t t  (1963) and P r a t t  and 
A u s t i n  (1963) d e m o n s tr a te d  t h a t  t h e  m a r in e  b a c t e r i a  i n v e s t i ­
g a t e d ,  e x h i b i t e d  up to  AO % r e p la c e m e n t  o f  Na b y  K and Mg 
a f t e r  th e  m in im al  Na r e q u i r e m e n t  ( 0 .0 1  M) was s a t i s f i e d .  T h is  
o b s e r v a t i o n  was a m p l i f i e d  by  T ed d e r  (1 9 6 6 )  who exam ined 20 
m a r in e  i s o l a t e s  i n  a  c h e m ic a l ly  d e f i n e d  medium. U s in g  0 .0 2  M 
Na a s  a su b o p t im a l  am ount, sh e  fo u n d  t h a t  t h e  a d d i t i o n  o f  K 
r a n g in g  from 0 .1  t o  0 .3  M i n c r e a s e d  t h e  g ro w th  r a t e  from 5 t o  
100 % com pared t o  t h a t  p ro d u c e d  by t h e  o p t im a l  Na c o n c e n t r a t i o n  
( 0 . 2  t o  0 .5  M) and 0 .0 0 8  M K. T hese  o b s e r v a t i o n s  s u g g e s te d  
t h a t  in  t h e  m a r in e  b a c t e r i a  t e s t e d ,  t h e r e  was a  n o n s p e c i f i c
7Na r e q u i r e m e n t  t h a t  c an  be  s p a r e d  d i f f e r e n t i a l l y  by n o n s p e c i f i c  
s o l u t e s  su c h  a s  K and Mg. The i r r e p l a c e a b l e  m in im a l  Na 
r e q u i r e m e n t  s u g g e s te d  a  s p e c i f i c  f u n c t i o n  f o r  Na i n  m a r in e  
b a c t e r i a  (MacLeod, 1 9 6 8 ) .
The r e s p o n s e  o f  t h r e e  m a r in e  b a c t e r i a  t o ' a n i o n s  i n d i c a t e d  
t h a t  C l p ro d u c e d  o p t im a l  g ro w th  com pared t o  SO^, NO^, o r  I  
(MacLeod and O n o fre y ,  1 9 5 7 b ) .  Cl and Br were u s e d  i n t e r ­
c h a n g e a b ly  b y  t h e s e  b a c t e r i a .  The e f f e c t s  o f  t h e  h a l i d e s  and 
Na on b o th  r a t e  and e x t e n t  o f  g ro w th  were so s i m i l a r  t h a t  th e  
f u n c t i o n  o f  h a l i d e s  and Na w ere  c o n s id e r e d  c l o s e l y  r e l a t e d  i n  
t h e  m e ta b o l ism  o f  m a r in e  b a c t e r i a  (MacLeod and  O n ofrey ,
19 57& ,h ). The i n v e s t i g a t i o n s  on g r a m -n e g a t iv e  b a c t e r i a  
i s o l a t e d  from  t h e  m a r in e  e n v iro n m e n t  s u g g e s te d  a s p e c i f i c  Na 
re q u i r e m e n t  and  i t  was c o n c lu d e d  t h a t  Na s a l t s  have  l i t t l e ,  
i f  an y , o sm o t ic  f u n c t i o n s  (MacLeod, 1965, 1 96 8 ) .
M o dera te  h a l o p h i l i c  b a c t e r i a  i s o l a t e d  from  s p o i l e d  
f i s h  ( F l a n n e r y ,  1956; In g ram , 1 9 5 7 ) ,  c u r in g  b r i n e s  ( D u s s a u l t ,  
1955; K e l l e r  and H e n is ,  1 9 6 7 ) ,  and  s a l t e d  fo o d  p r o d u c t s  
( S c o t t ,  1957; L a r s e n ,  1962) d e m o n s t r a te d  a s p e c i f i c  Na 
r e q u i r e m e n t  f o r  g ro w th . R o b in so n  and G ibbons (1952) fo u n d  
t h a t  NaCl c o u ld  n o t  b e  r e p l a c e d  b y  s p e c i f i c  Na s a l t s ,  o r  by 
L i ,  K, Mg, o r  NH^ s a l t s  i n  g ro w th  e x p e r im e n ts  on M ic ro co c cu s  
h a l o d e n i t r i f i c a n s . C h r i s t i a n  (19 56 )  e x te n d e d  t h e  i n v e s t i g a ­
t i o n s  on M. h a l o d e n i t r i f i c a n s  and fo u n d  t h a t  KC1 s u b s t i t u t e d  
f o r  75 % o f  t h e  Na r e q u i r e m e n t  on a  m o la r  b a s i s .  He a l s o  
d e m o n s t r a te d  t h a t  V ib r io  c o s t i c o l u s  had  a  s p e c i f i c ,  n o n su b -  
s t i t u t a b l e  Na r e q u i r e m e n t  f o r  g ro w th .  L in d e b e rg  (1958) n o te d
8t h a t  a  m odera te  h a l o p h i l i c  b a c t e r i u m ,  A ch ro m o b ac te r  s p . ,  
i s o l a t e d  from s a l t e d  h e r r i n g  b r i n e  had a  s p e c i f i c  Na r e q u i r e ­
m ent t h a t  was n o t  r e p l a c e d  b y  K, L i ,  o r  NH^. The r e s p o n s e  of 
t h e  b a c te r iu m  t o  a n i o n s  i n d i c a t e d  t h a t  Cl p ro d u c e d  o p t im a l  
g ro w th  compared t o  B r ,  SO^, and  HPO^. T hus, m o d e ra te  h a l o p h i l i c  
b a c t e r i a  d e m o n s t r a te d  a s p e c i f i c  Na r e q u i r e m e n t  f o r  g ro w th .
I f  s e a w a te r  was e v a p o ra te d  by  t h e  su n ,  s o l a r  ( s e a )  
s a l t  was p rod uced  (B a a s -B e c k in g ,  1 9 3 1 ) .  The s o l a r  s a l t  
was p o p u la te d  f r e q u e n t l y  by e x tre m e  h a l o p h i l i c  b a c t e r i a  w hich 
o r i g i n a t e d  in  t h e  m a r in e  s a l t e r n s  (P e t ro w a ,  1 9 3 3 ; D u s s a u l t ,  
1 9 3 3 ) .  Extreme h a l o p h i l i c  b a c t e r i a  have  b e e n  d e m o n s t r a te d  i n  
t h e  G re a t  S a l t  Lake (S m ith  and Z o B e l l ,  1937; Z oB ell  e t  a l . ,  
1 9 3 7 ) ,  t h e  Dead S ea  ( E l a z a r i - V o l c a n i ,  1 9 4 0 ) ,  and  s p o i l e d  f i s h ,  
b aco n  and h id e s  p r e s e r v e d  i n  (p re s u m a b ly )  s o l a r  s a l t  
o r i g i n a t i n g  from s e a w a t e r  ( F l a n n e r y ,  1936; In g ra m , 1957; I s h i d a  
and  F u j i i ,  1 9 7 0 ) .  E x trem e h a l o p h i l i c  b a c t e r i a  grew i n  m edia  
c o n t a i n i n g  a t  l e a s t  2 . 0  N NaCl ( L a r s e n ,  1 9 6 7 ) .  Growth o f  
e x tre m e  h a l o p h i l i c  b a c t e r i a  i n  medium d e v o id  o f  Na and Cl d id  
n o t  o c c u r  (Schoop , 1935; H ess ,  1942; Weber, 1949; L a r s e n ,
1962 ).
I n  e x p e r im e n ts  a t t e m p t in g  p a r t i a l  c a t i o n  s u b s t i t u t i o n  
on ex trem e h a l o p h i l i c  b a c t e r i a ,  Brown and G ibbons (19 55 )  u s in g  
H a lo b a c te r iu m  s a l i n a r i u m  and C h r i s t i a n  (1956) u s i n g  H. h a lo b iu m , 
o b t a i n e d  e v id e n c e ,  t h a t  on a  m o la r  b a s i s ,  a b o u t  70 % o f  t h e  
amount o f  Na r e q u i r e d  was r e p l a c e d  by K. KC1 was t h e  o n ly  
s a l t  among a number t e s t e d  w h ich  gave  d e f i n i t e  s u p p o r t  t o  
g ro w th  b e s id e s  N aC l. However, E l a z a r i - V o l c a n i  (1 9 4 0 , 1943,
91944) i n d i c a t e d  t h a t  f o r  g ro w th  o f  H a lo b a c te r iu m  s p . ,  Mg 
s u b s t i t u t e d  f o r  Na d u r in g  s h o r t  i n c u b a t i o n  p e r i o d s .  The 
H a lo b a c te r iu m  s p . ,  i s o l a t e d  from  t h e  Dead Sea  w a t e r s  w hich  
c o n t a i n  a p p r o x im a te ly  1 .5  M MgClp and 1 . 2  M NaCl (B ro c k ,  1969) 
d id  n o t  grow u n l e s s  t h e  medium ( h a r b o r i n g  0 .5  -  0 . 8  M M gC ^) 
c o n ta in e d  a t  l e a s t  2 .6  M N aCl. T hese  r e s u l t s  s u g g e s te d  t h a t  
i n  t h e i r  n a t u r a l  h a b i t a t ,  t h e s e  b a c t e r i a  made u s e  o f  Mg t o  
r e p l a c e  i n  p a r t  t h e  f u n c t i o n  p l a y e d  b y  Na ( E l a z a r i - V o l c a n i ,  
1 9 4 4 ) .  However, ex trem e  h a l o p h i l i c  b a c t e r i a  d e m o n s t r a te d  a 
s p e c i f i c  r e q u i r e m e n t  f o r  Na.
The l i t e r a t u r e  on t h e  s p e c i f i c  s a l t  r e q u i r e m e n t s  of 
h a l o p h i l i c  b a c t e r i a ,  i n d i c a t e d  t h e  p a u c i t y  o f  i n f o r m a t i o n  i n  
t h i s  a r e a .  Some h a l o p h i l i c  b a c t e r i a  w ere  s p e c i f i c  i n  t h e i r  
r e q u i r e m e n t  f o r  b o t h  Na and C l .  O th e r s  had  a s p e c i f i c  
r e q u i r e m e n t  f o r  Na and were more o r  l e s s  u n s p e c i f i c  i n  t h e i r  
r e q u i r e m e n t  f o r  a n i o n s ,  w h e re a s  s t i l l  o t h e r s  were m ore o r  l e s s  
u n s p e c i f i c  i n  t h e i r  r e q u i r e m e n t  f o r  c a t i o n s  and  a n i o n s .  A 
s p e c i f i c  r e q u i r e m e n t  f o r  Na a n d / o r  Cl s u g g e s te d  a n u t r i t i o n a l  
f u n c t i o n ;  w h e re a s  a n o n s p e c i f i c  r e q u i r e m e n t  im p l i e d  a n  osmo­
r e g u l a t o r y  f u n c t i o n  ( R i c h t e r ,  1 9 2 8 ) .  T h ese  d i f f e r e n c e s  i n  
i o n  r e q u i r e m e n t s  b y  d i f f e r e n t  b a c t e r i a l  c u l t u r e s  s u g g e s te d  
t h a t  h a l o p h i l i s m  was no t c o n c e rn e d  w i th  one s i n g l e  b io c h e m ic a l  
p r o p e r t y  common to  h a l o p h i l i c  b a c t e r i a .  T hus, t h e  c a u s e  of 
t h e  s a l t  r e q u i r e m e n t  may have  b e en  q u i t e  d i f f e r e n t  i n  h a lo ­
p h i l i c  b a c t e r i a  ( L a r s e n ,  1 9 6 2 ) .  F u r th e r m o r e ,  i n  t h e  same 
b a c t e r iu m ,  NaCl may have b e e n  r e q u i r e d  f o r  more t h a n  one 
f u n c t i o n .
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S in c e  b a c t e r i a  a r e  d i s t r i b u t e d  u b i q u i t o u s l y  i n  t h e  
b i o s p h e r e ,  i t  i s  o f  i n t e r e s t  t o  know i f  t h e  r e q u i r e m e n t  o f  Na 
f o r  g ro w th  was u n iq u e  f o r  b a c t e r i a  from t h e  m ar in e  e n v i r o n ­
ment (MacLeod, 1 9 6 8 ) .  B o th  m o d e ra te  and e x tre m e  h a l o p h i l i c  
b a c t e r i a  have  b e e n  i s o l a t e d  from  s o i l  and f r e s h  w a te r  s o u r c e s  
(H o f, 1935; S t u a r t ,  1938; L a r s e n ,  1 9 6 2 ) .  Among n o n h a l o p h i l i c  
b a c t e r i a ,  two s t r a i n s  o f  Rhodopseudomonas s t u d i e d  i n  a  
c h e m ic a l ly  d e f i n e d  medium r e q u i r e d  0 .0 0 2  M Na f o r  g ro w th  
( S i s t r o m ,  I 9 6 0 ) .  B a c t e r o i d e s  s u c c i n o g e n e s , an  o rg an ism  
i s o l a t e d  from t h e  rumen o f  a s t e e r ,  r e q u i r e d  0 .0 1  M Na f o r  
g ro w th  i n  a d e f i n e d  medium ( B ry a n t  e t  a l . , 1959)* Goldman 
e t  a l . (1 963 )  d e m o n s t r a te d  a d e f i n i t i v e  r e q u i r e m e n t  f o r  Na 
( 0 .0 2  M) f o r  g ro w th  i n  a num ber o f  l a c t i c  a c i d  b a c t e r i a  
i s o l a t e d  from  m e a b c u r in g  b r i n e s .  T hese  c o n f irm e d  r e p o r t s  
r a i s e d  t h e  q u e s t i o n :  I s  t h e  Na r e q u i r e m e n t  more w id e sp re a d
among b a c t e r i a  t h a n  commonly supposed?  An a f f i r m a t i v e  answ er 
m ig h t  su p p le m e n t  s p e c u l a t i o n s  on t h e  o r i g i n  and r i s e  o f  
h a l o p h i l i s m .
I n  t h e  work on h a l o p h i l i c  b a c t e r i a ,  i n t e r e s t  h a s  b e en  
e x p re s s e d  i n  t h e  c o n s ta n c y  o f  t h e  h a l o p h i l i c  c h a r a c t e r  ( P r a t t ,  
1974; L a r s e n ,  1 9 6 2 ) .  Do h a l o p h i l i c  b a c t e r i a  change q u a n t i t a ­
t i v e l y ,  o r  even  abando n , t h e i r  r e q u i r e m e n t  f o r  NaCl? M arine 
b a c t e r i a  t h a t  r e q u i r e d  s e a w a te r  i n  t h e  medium on i n i t i a l  
i s o l a t i o n  d e v e lo p e d  a c a p a c i t y  t o  grow i n  m edia  p r e p a r e d  w i th  
f r e s h  w a te r  a f t e r  c u l t i v a t i o n  f o r  some t im e  i n  t h e  l a b o r a t o r y  
(Z o B e l l  and M ic h e n e r ,  1938; Z o B e l l ,  1 9 4 6 ) .  I n  c o n t r a s t ,  P r a t t  
and W addell (1 9 5 9 )  f a i l e d  t o  a d a p t  m a r in e  b a c t e r i a  t o  m edia
11
p re p a re d  w i t h  a r t i f i c i a l  s e a w a te r  d i l u t e d  10-20  f o l d  w i th  
f r e s h  w a t e r .  When t h i c k  s u s p e n s io n s  o f  t h e s e  m a r in e  b a c t e r i a  
were p l a t e d  on n u t r i e n t  m edia p r e p a r e d  w i th  a r t i f i c i a l  
s e a w a te r  d e v o id  o f  N aCl, few c o l o n i e s  w ere  o b t a i n e d .  T hese 
c o lo n ie s  w ere  c o n s id e r e d  m u ta n ts  w hich no l o n g e r  r e q u i r e d  Na 
f o r  g ro w th .  MacLeod and O n ofrey  (1 963 )  a f t e r  s e r i a l l y  s t r e a k i n g  
p l a t e s  o f  t r y p t i c a s e  medium c o n t a i n i n g  p r o g r e s s i v e l y  lo w e r  
c o n c e n t r a t i o n s  o f  Na w i th  A. m a r in o p r a e s e n s  o b s e rv e d  t h a t  t h e  
b a c te r iu m  e v e n t u a l l y  was " t r a i n e d "  t o  grow on t h e  medium 
p re p a re d  w i th o u t  a d d ed  Na. When t e s t e d  i n  a  c h e m ic a l l y  d e f i n e d  
medium d e v o id  o f  N aC l, no g ro w th  o c c u r r e d .  T h is  o b s e r v a t i o n  
ag reed  w i t h  e a r l i e r  d a t a  by  MacLeod and O no frey  (1 9 5 6 ,  1957a? 
b ) , S t a n i e r  ( 1 9 4 1 ) ,  and L i t t l e w o o d  and P o s t g a t e  (1 9 5 7 )  who 
r e p o r t e d  f a i l u r e  t o  t r a i n  m a r in e  b a c t e r i a  t o  grow i n  m edia 
devo id  o f  NaCl. MacLeod and O n o frey  (1963 )  c o n c lu d e d  t h a t  
th e  g ro w th  o f  c e r t a i n  m ar in e  b a c t e r i a  i n  t h e  t r y p t i c a s e  medium 
devoid  o f  NaCl was due  t o  t h e  p r e s e n c e  o f  0 .0 2 8  M Na ( a s  
d e te rm in e d  by  f lam e  p h o to m e try )  p r e s e n t  a s  a c o n ta m in a n t .
Thus, g ro w th  a t  a p p r e c i a b l y  r e d u c e d  Na c o n c e n t r a t i o n s  was 
induced  an d  m a in ta in e d  o n ly  i f  t h e  medium was s u f f i c i e n t l y  
complex (MacLeod and  O nofrey , 1 9 6 3 ) .  When t e s t e d  i n  c h e m ic a l ly  
d e f in e d  m ed ia  d e v o id  o f  Na ( c o n t a m i n a t i o n  o f  Na was l e s s  t h a n
__ Cl
5 x 10 M ), b a c t e r i a  i s o l a t e d  i n i t i a l l y  from  t h e  m a r in e  
env iro nm en t d e m o n s t r a te d  a  s t a b l e  Na r e q u i r e m e n t .
The c o n s ta n c y  o f  t h e  h a l o p h i l i c  c h a r a c t e r  o f  b a c t e r i a  
can a l s o  b e  i n v e s t i g a t e d  by s tu d y in g  t h e  r e s p o n s e  o f  m ar in e  
b a c t e r i a  t o  su p p le m e n ta l  NaCl c o n c e n t r a t i o n s  i n  e x c e s s  o f
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t h o s e  amounts found, i n  t h e  e n v iro n m e n t .  M arin e  b a c t e r i a ,  
s i n c e  th e y  l i v e  i n  t h e  s e a ,  m ust be  N a C l - t o l e r a n t  o rg a n is m s  
(MacLeod, 1965) . S e a w a te r  c o n t a i n s  a p p r o x im a te ly  0.4-7 M Na 
( S i l l e n ,  1 9 6 1 ) .  T hree  m a r in e  b a c t e r i a  i n v e s t i g a t e d  b y  MacLeod 
and  O nofrey  (1 9 5 7 a )  were i n h i b i t e d  b y  t h e  p r e s e n c e  o f  0 . 8  M 
N a C l.  Of 15 m a r in e  b a c t e r i a  exam ined b y  T y l e r  et_ a l . ( I 9 6 0 ) ,  
a l l  grew a t  0 . 8  M NaCl, 9 grew  a t  1 . 4  M N aCl, and none  grew 
a t  2 . 6  M NaCl. ZoB ell (1 9 4 6 )  n o te d  t h a t  v e r y  few m a r in e  
b a c t e r i a  grew i n  s e a w a te r  w i th  2 .0  M NaCl a d d e d ,  and no grow th  
o c c u r r e d  i n  s e a w a te r  w i t h  4 . 0  M NaCl a d d ed . S i m i l a r  r e s u l t s  
t o  t h o s e  of Z o B e ll  were o b t a i n e d  by  Brown and  T u rn e r  (1963) 
s t u d y i n g  12 m a r in e  b a c t e r i a .  I n  c o n t r a s t ,  m a r in e  b a c t e r i a  
h a v e  been  r e p o r t e d  t h a t  t o l e r a t e d  up t o  4 . 5  M NaCl (S h a h  and 
d e S a ,  1964; F o r s y t h  e t  a l . ,  1 9 7 1 ) .  A l th o u g h  ex trem e  h a l o -  
t o l e r a n t  b a c t e r i a  do e x i s t  i n  t h e  m a r in e  e n v iro n m e n t ,  o p t im a l  
g ro w th  o c c u r r e d  a t  NaCl c o n c e n t r a t i o n s  s i m i l a r  t o  t h o s e  o f  t h e  
e n v iro n m en t  i n d i c a t i n g  t h e  s t e n o h a l i n e  r e s p o n s e  o f  m a r in e  
b a c t e r i a  (MacLeod, 1965 , 1 9 6 8 ) .
The a b i l i t y  t o  t o l e r a t e  o r  r e q u i r e  e l e v a t e d  NaCl 
c o n c e n t r a t i o n s  was e x h i b i t e d  i n  p a r a s i t i c  and  b r a n c h i n g ,  
f i l a m e n t o u s  b a c t e r i a .  B e l l  and Latham (197 5 )  o b se rv e d  a 
p a r a s i t i c  m a r in e  B d e l l o v i b r i o  s p .  r e q u i r e d  0 .2 5  t o  0 .7  M NaCl 
f o r  o p tim a l g ro w th .  Growth o f  B d e l l o v i b r i o  was s t i m u l a t e d  by
0 .0 0 2  M CaCl2 and  MgCl2 added  t o  t h e  NaCl s u p p le m e n te d - y e a s t  
e x t r a c t ,  p e p to n e  medium. G ochnauer e t  a l .  (1 9 7 5 )  i s o l a t e d  a 
f i l a m e n t o u s  a c t in o m y c e te  (A c t in o p o ly s p o r a  h a l o p h i l a  g e n .  e t  
s p .  n o v .)  from  s o l a r  s a l t .  The o rg an ism  h a s  a  m u co p e p tid e
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l a y e r ,  r e q u ire d .  5 .3  t o  5 .0  M NaCl f o r  o p t im a l  g ro w th ,  and d i d  
n o t  grow be low  2 .0  M NaCl. T hus, A. h a l o p h i l a  was an ex trem e  
h a l o p h i l e ,  t h e  f i r s t  known in  t h e  f a m i ly  N o c a r d ia c e a e .  T r e s n e r  
e t  a l .  (1968) s t u d i e d  t h e  NaCl t o l e r a n c e  o f  1300 S t re p to m y c e s  
s t r a i n s  ( c o n t a i n i n g  313 d i f f e r e n t  s p e c i e s ) .  O n ly  4 % o f  t h e  
S t re p to m y c e s  were h a l o t o l e r a n t  s p e c i e s  c a p a b le  o f  s u r v i v i n g  
i n  1 .0  t o  2 .7  M N aC l. A p p ro x im a te ly  50 % o f  t h e  S t re p to m y c e s  
s t r a i n s  t o l e r a t e d  up  t o  1 .0  M NaCl; t h e  r e m a in d e r  d id  n o t  
t o l e r a t e  0 .3  M N aCl. A c t in o m y c e te s  have b een  i s o l a t e d  
i n f r e q u e n t l y  from t h e  se a  (M ayers e t  a l . , i 9 6 0 ) .  The a b i l i t y  
t o  t o l e r a t e  a n d /o r  r e q u i r e  NaCl c o n c e n t r a t i o n s  g r e a t e r  t h a n  
t h o s e  fo u n d  i n  t h e  m a r in e  e n v iro n m e n t  t h u s  o c c u r s  i n  a w ide  
d i v e r s i t y  of b a c t e r i a .
S t u a r t  and Jam es (1938) c la im e d  to  h av e  a d a p te d  
ex trem e  h a l o p h i l i c  b a c t e r i a  of t h e  S a r c in a - I i i c r o c o c c u s  t y p e  
(now c l a s s i f i e d  a s  H a lo c o c c u s , K o cu r  and H o d g k is s ,  1 9 7 3 ) ,  
which h a d  a minimum NaCl r e q u i r e m e n t  of 0 .8  -  1 . 6  If, t o  grow 
i n  t h e  a b se n c e  o f  N aC l, p ro v id e d  t h e  c u l t u r e s  w ere  o l d e r  t h a n  
30 d a y s .  H ess ( 1 9 4 2 ) ,  s tu d y in g  t h e s e  same H a lo c o c c i  a s  w e l l  
a s  H a lo b a c te r iu m  s p . ,  c o u ld  n o t  r e p r o d u c e  t h e  f i n d i n g s  o f  
S t u a r t  and Jam es. A l l  su b se q u e n t  a t t e m p t s  t o  a d a p t  m o d e ra te  
and e x tre m e  h a l o p h i l i c  b a c t e r i a  t o  grow i n  l e s s  t h a n  0 .7  and
2 .0  M NaCl, r e s p e c t i v e l y ,  have b e e n  u n s u c c e s s f u l  ( C h r i s t i a n ,  
1956; In g ram , 1957; K u sh n e r ,  1964;Lim song and F r a z i e r ,  1966; 
L a r s e n ,  1967, 1 9 7 3 ) .  Where t r a n s f o r m a t i o n s  o f  s a l t  t o l e r a n t  
and s a l t  r e q u i r e m e n t  c h a r a c t e r i s t i c s  have b e e n  r e p o r t e d  ( B a a r s ,  
1930; K lu y v e r  and B a a r s ,  1932; P e t r o w a ,  1933; Hof , 1935;
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S t u a r t  and  Jam es , 1938; Shewan, 1 9 3 8 ) ,  t h e  p u r i t y  o f t h e  
c u l t u r e  h a s  b e e n  q u e s t io n e d  ( In g ra m , 1957; L i t t l e w o o d  and 
P o s t g a t e ,  1957)*
S e v e r a l  i n v e s t i g a t i o n s  h av e  b e e n  made t o  d e te rm in e  
t h e  NaCl c o n c e n t r a t i o n  w h ic h  a r r e s t e d  g ro w th  o f  th e  v a r i o u s  
ty p e s  o f  n o n h a l o p h i l i c  b a c t e r i a  ( L a r s e n ,  1 9 6 2 ) .  Work w i th  
p u re  c u l t u r e s  h a s  shown t h a t  many n o n h a l o p h i l i c  b a c t e r i a  have 
a f i x e d  t o l e r a n c e  to  NaCl ( In g ra m , 1 9 5 7 ) .  Hof (1935) and 
D o u d o ro ff  (194 0 )  f a i l e d  t o  a l t e r  t h e  s a l t  t o l e r a n c e  o f  
E s c h e r i c h i a  c o l i  s i g n i f i c a n t l y .  C h r i s t i a n  (1955) u s i n g  
S a lm o n e l la  o r a n ie n b e r g  and  B u r ic k  (195 0 )  u s i n g  S e r r a t i a  
m a rc e s c e n s  f a i l e d  to  " t r a i n "  t h e s e  b a c t e r i a  t o  t o l e r a t e  
g r e a t e r  t h a n  0 .5  M N aCl. Where a  t r a n s f o r m a t i o n  i n  t h e  s a l t  
t o l e r a n c e  h a s  b e en  r e p o r t e d  f o r  n o n h a l o p h i l i c  b a c t e r i a  
(A n d e rso n , 1954; Foda a n d  Vaughn, 1 9 5 0 ) ,  t h e  p u r i t y  o f  t h e  
c u l t u r e  was q u e s t io n e d  a g a i n  ( In g ra m , 1 9 5 7 ) .
NaCl t o l e r a n c e  o f  n o n h a l o p h i l i c  b a c t e r i a  v a r i e s  
c o n s i d e r a b l y  from s p e c i e s  t o  s p e c i e s  and even  f o r  d i f f e r e n t  
s t r a i n s  o f  t h e  same s p e c i e s  ( S c o t t ,  1 9 5 7 ) .  I n  g e n e r a l ,  th e  
o b l i g a t e  a n a e r o b ic  s p o r e - f o r m e r s  ( i . e .  C lo s t r id iu m  s p . )  and 
t e r r e s t r i a l  g r a m - n e g a t iv e  ro d s  were m ost s e n s i t i v e  t o  NaCl, 
many o f  t h e s e  b e in g  c o m p le te ly  i n h i b i t e d  a t  0 .5  -  0 . 8  M NaCl 
( H i l l  and  W h ite ,  1929; L a r s e n ,  1 9 6 2 ) .  L ik e w is e ,  0 . 5  -  0 .8  M 
NaCl i n h i b i t e d  most m a r in e  s p e c i e s  a s  w e l l  (MacLeod, 1 9 6 5 ) .  
A e ro b ic  s p o r e - fo r m in g  b a c t e r i a  ( i . e .  B a c i l l u s  s p . )  w ere  
u s u a l l y  q u i t e  NaCl t o l e r a n t ,  g row ing  a t  c o n c e n t r a t i o n s  up t o  
2 .6  -  3 .5  M NaCl (West e t  a l . ,  1 9 4 1 ) .  The m ost t o l e r a n t  of
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t h e  n o n h a l o p h i l i c  b a c t e r i a  w e re  t h e  m ic r o c o c c i ;  many s t r a i n s  
grew s lo w ly  i n  t h e  p r e s e n c e  o f  4 , 3  H NaCl ( C h r i s t i a n ,  1955* 
1 9 5 6 ) .  T h is  l a t t e r  o b s e r v a t i o n  was n o t  s u r p r i s i n g  s in c e  th e  
m ic r o c o c c i  w ere  c l o s e l y  r e l a t e d  t o  t h e  e x tre m e  h a l o p h i l i c  
c o c c i ,  H a lo c o c c u s  m orrh uae  and H. l i t o r a l i s  ( L a r s e n ,  1 9 6 7 ) .  
A lth o u g h  b a c t e r i a  e x i s t e d  t h a t  d i d  n o t  r e q u i r e  NaCl f o r  
g ro w th ,  t h e s e  o rg a n ism s  d e m o n s t r a te d  a c o n s i d e r a b l e  t o l e r a n c e  
to  NaCl, s i m i l a r  t o  t h e  t o l e r a n c e  d e m o n s t r a te d  by  some m arin e  
b a c t e r i a .  I s  t h e r e  a  common d e n o m in a to r  t h a t  c a n ,  a t  l e a s t  
i n  p a r t ,  e x p l a i n  NaCl t o l e r a n c e  b y  b a c t e r i a ?
The r e q u i r e m e n t  o f  m o d e ra te  and ex tre m e  h a l o p h i l i c  
b a c t e r i a  f o r  a h i g h  c o n c e n t r a t i o n  o f  NaCl f o r  g ro w th  l e d  t o  
an  i n t e r e s t  i n  t h e  a c t u a l  i n t r a c e l l u l a r  c o n c e n t r a t i o n s  o f Na 
and K i n  t h e s e  b a c t e r i a  ( L a r s e n ,  1 9 6 2 ) .  An e a r l y  t h e o r y  on 
t h e  e x i s t e n c e  o f  m o d e ra te  and ex tre m e  h a l o p h i l i c  b a c t e r i a  was 
t h a t  t h e y  e x c lu d e d  NaCl from  t h e  c e l l  and  m a in t a in e d  a  r e l a ­
t i v e l y  d i l u t e  p r o to p la s m  (R o b in so n  _et a d . , 1952) . E x p e r im e n ta l  
e v id e n c e  h a s  a c c u m u la te d  d e m o n s t r a t i n g  t h a t  t h e  i n t r a c e l l u l a r  
Na c o n c e n t r a t i o n  was q u i t e  h i g h  and r e a c h e d  c o n c e n t r a t i o n s  
a p p ro a c h in g  t h o s e  o f  t h e  g ro w th  medium (G ibb ons and B a x te r ,  
1955; C h r i s t i a n ,  1956; C h r i s t i a n  and In g ra m , 1959 a , b ;  Holmes, 
1964; M asui and  Wada, 19 7 5 )-  K was a c c u m u la te d  i n t r a c e l l u l a r l y  
c lo s e  t o  i t s  s o l u b i l i t y  l i m i t  (Brown and G ib b o n s ,  1955; 
C h r i s t i a n ,  1956; M asui and Wada, 1 9 7 5 ) .  T h is  l a t t e r  o b s e rv a ­
t i o n  was a m p l i f i e d  b y  C h r i s t i a n  and W altho  (1 9 6 1 , 1962) a f t e r  
t e s t i n g  a  number o f  f a c u l t a t i v e  h a l o p h i l i c ,  m a r in e ,  m o d era te  
and e x tre m e  h a l o p h i l i c  b a c t e r i a  and t h e i r  r e s p o n s e  t o  NaCl.
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T hese  i n v e s t i g a t o r s  n o te d  a  r e l a t i o n  b e tw e e n  t h e  i n t r a c e l l u l a r  
K c o n c e n t r a t i o n  and t h e  t o l e r a n c e  o f  t h e s e  b a c t e r i a  t o  NaCl.
The h i g h e r  t h e  K c o n te n t  o f  t h e  c e l l s ,  t h e  b e t t e r  t h e  t o l e r a n c e  
to  NaCl. C h r i s t i a n  and W altho  (1962) s u g g e s te d  t h a t  t h e  h i g h  
K c o n te n t  o f  t h e  f a c u l t a t i v e  h a l o p h i l i c  b a c t e r i a  m ig h t im p a r t  
a r e s i s t a n c e  t o  p l a s m o l y s i s  and  d e h y d r a t io n ,  t h u s  overcom ing  
t h e  d e t r i m e n t a l  e f f e c t s  o f  t h e  medium s a l t s .  The Na and K 
c o n te n t  o f  m a r in e ,  m o d e ra te  and  ex tre m e  h a l o p h i l i c  b a c t e r i a  
a p p ro a ch e d  t h a t  o f  t h e  g ro w th  medium ( C h r i s t i a n  and W alth o , 1962; 
L a r s e n ,  1962) and s u g g e s te d  t h a t  Na and K m igh t p l a y  im p o r ta n t  
r o l e s  i n  r e g u l a t i n g  t h e  m e ta b o l ism  o f  t h e s e  b a c t e r i a  (Brown,
1964; G in zb u rg  _et a l . , 1970; G ouchnauer and  K u shn er ,  1 9 7 1 ) .
The c o n c l u s i o n s  c o n c e rn in g  t h e  r e l a t i o n s  b e tw een  
medium and i n t r a c e l l u l a r  Na and  K m ust be  r e g a r d e d  w i th  
c a u t i o n .  Many o f  t h e  i n t r a c e l l u l a r  Na and K v a l u e s  w ere  
d e te rm in e d  a t  one c o n c e n t r a t i o n  o f  NaCl and KC1 a n d /o r  a t  one 
s t a g e  o f  g ro w th  ( n o r m a l ly  t h e  l a t e  l o g a r i t h m i c  p h a s e ) .  T hus, 
i t  was n o t  e n t i r e l y  p o s s i b l e  t o  c o n c lu d e  t o  what e x t e n t  t h e  
i n t r a c e l l u l a r  Na c o n c e n t r a t i o n  was d e p e n d e n t  on t h e  medium 
Na c o n c e n t r a t i o n .  Medium Na c o n c e n t r a t i o n s  and t h e  age  o f  
th e  c u l t u r e  i n f l u e n c e d  s i g n i f i c a n t l y  t h e  i n t r a c e l l u l a r  con­
c e n t r a t i o n s  o f  Na and K ( S c h u l t z  and Solomon, 1961; Masui and 
Wada, 1 9 7 3 ) .  A d d i t i o n a l l y ,  m eth o d s  t o  d e te rm in e  i n t r a c e l l u l a r  
Na and K v a lu e s  m ust be  im proved  and s t a n d a r d i z e d  b e f o r e  d a t a  
can  b e  i n t e r p r e t e d  m e a n in g f u l ly  and r e l i a b l y .
The o b s e r v a t i o n  t h a t  m ost m a r in e  b a c t e r i a  l y s e d  when 
p l a c e d  i n  d i s t i l l e d  w a te r  o r  i n  s o l u t i o n s  s u i t a b l y  h y p o to n ic
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t o  s e a w a te r  (H a rv ey , 1915; H i l l ,  1929; P r a t t  and R i l e y ,  1955; 
T y l e r  e t  a l . , I9 6 0 ;  MacLeod and M a tu la ,  1961 , 1962; Buckm ire 
and  MacLeod, 1965; DeVoe and O g in sk y , 1 969a , t>) l e d  e a r l y  
i n v e s t i g a t o r s  t o  c o n c lu d e  t h a t  s a l t s  w ere  r e q u i r e d  t o  p r e v e n t  
a u t o l y s i s  b y  m a i n t a i n i n g  a s u i t a b l e  o sm o tic  p r e s s u r e  (H a rv e y , 
1915; H i l l ,  1 9 2 9 ) .  However, P r a t t  and R i l e y  (1955) demon­
s t r a t e d  t h a t  d i f f e r e n t  s a l t s  d i f f e r e d  i n  t h e i r  c a p a c i t y  t o  
p r e v e n t  l y s i s .  For a number o f  m a r in e  b a c t e r i a ,  NaCl and 
L iC l  were a b o u t  tw ic e  a s  e f f e c t i v e  a s  KC1 and  NH^Cl i n  
p r e v e n t i n g  l y s i s .  T h is  o b s e r v a t i o n  was c o n f i rm e d  and a m p l i f i e d  
by  MacLeod and  M a tu la  (1 9 6 1 , 1962) who o b s e rv e d  t h a t  f o r  a l l  
m a r in e  b a c t e r i a  i n v e s t i g a t e d ,  d i v a l e n t  c a t i o n s  ( e s p e c i a l l y  Mg 
and Ca) were 10 t o  5 0 - f o l d  more e f f e c t i v e  t h a n  m onovalen t 
c a t i o n s  (Na, L i ,  K, o r  NH^) i n  p r e v e n t i n g  d i s r u p t i o n  o f  t h e  
c e l l s .  The o r d e r  o f  e f f e c t i v e n e s s  t o  p r e v e n t  l y s i s  o f  t h e  
d i v a l e n t  c a t i o n s  was s i m i l a r  t o  t h e i r  abundance  i n  s e a w a te r  
and t h e i r  c a p a c i t y  t o  fo rm  c h e l a t e  c o m p lex e s .  Even more 
e f f e c t i v e  t h a n  d i v a l e n t  c a t i o n s  was 0 .0 0 0 5  M spe rm ine  (M ager, 
19 59a , b ) .  I f  t h e  e f f e c t  o f  t h e  compounds had  b e en  due t o  
t h e i r  o sm o tic  a c t i v i t i e s ,  t h e y  s h o u ld  have  b e e n  e q u a l ly  
e f f e c t i v e  a t  t h e  same t o t a l  i o n i c  o r  m o le c u la r  c o n c e n t r a t i o n  
(B uckm ire  and  MacLeod, 1 9 6 5 ) .
F u r t h e r  e v id e n c e  t h a t  NaCl d i d  n o t  p r e v e n t  l y s i s  o f  
m a r in e  b a c t e r i a  by o sm o t ic  a c t i o n  a r o s e  when th e  i n t r a c e l l u l a r  
Na and Cl c o n c e n t r a t i o n s  o f  A. m a r in o p r a e s e n s  were m easu red  
a t  medium NaCl c o n c e n t r a t i o n s  r a n g in g  from  0 .0 5 5  t o  1 .0 2 2  M 
(T a k a c s  e t  a l . , 1 9 6 4 ) .  W ith in  e x p e r im e n ta l  e r r o r ,  t h e s e
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i n v e s t i g a t o r s  f o u n d  t h a t  t h e  i n t r a c e l l u l a r  Na and C l concen­
t r a t i o n s  were t h e  same as t h a t  o f  t h e  medium. T h e s e  f i n d in g s  
s u g g e s t e d  t h a t  Na and Cl w ere  f r e e l y  e x c h a n g e a b le  a c r o s s  t h e  
c e l l  membrane a n d  t h a t  no g r a d i e n t  o f  t h e s e  two i o n s  was 
m a i n t a i n e d  b e tw e e n  t h e  i n s i d e  and  o u t s i d e  o f  t h e  c e l l s .  NaCl 
t h u s ,  d id  n o t  p r e v e n t  l y s i s  o f  t h e  c e l l s  th ro u g h  o s m o t ic  
a c t i o n  (Buckm ire and  MacLeod, 1965; MacLeod, 1 965 , 1 9 6 8 ) .  
I n t r a c e l l u l a r  K c o n c e n t r a t i o n s ,  i n  c o n t r a s t ,  w ere  a p p r o x i ­
m a t e l y  d o u b l e ' t h e  medium K c o n c e n t r a t i o n  (0 .0 0 9  t o  0 .0 1 4  M). 
R e c e n t l y ,  M a tu la  e t  a l .  (1 9 7 0 )  s tu d y in g  A. m a r in o p ra e s e n s  
d e m o n s t r a te d  i n t r a c e l l u l a r  K c o n c e n t r a t i o n s  12 and  1 7 - f o ld  
g r e a t e r  th a n  t h e  medium K ( 0 .0 1 5  M) i n  t h e  p r e s e n c e  o f  0 .22  
a n d  0 .6 1  M medium NaCl, r e s p e c t i v e l y .
The l y s i s  o f  m arine  b a c t e r i a l  c e l l s  a t  low  NaCl 
c o n c e n t r a t i o n s  ( l e s s  th an  0 .1  M) to o k  p l a c e  i n  tw o s t a g e s  
(MacLeod and M a t u la ,  1962 ) .  The f i r s t  s t a g e  was a  r a p i d  
a u t o l y s i s  o f  t h e  c e l l s  whose c e l l  w a l l s  were w eakened  by th e  
Na d e f i c i t  ( P r a t t ,  1974)• B uckm ire  and MacLeod (1 9 6 5 )  and 
D ra p e a u  and MacLeod (1965) a n a ly z e d  t h e  e f f e c t s  o f  d i f f e r e n t  
s a l t s  (NaCl, L i C l , KC1, and NH^Cl) and  t h e i r  c a p a c i t y  to  
p r e v e n t  t u r b i d i t y  changes i n  s u s p e n s io n s  o f  w hole  c e l l s  and 
c e l l  e n v e lo p e s .  They o b se rv e d  t h a t  NaCl and L iC l  w ere  tw ice  
a s  e f f e c t i v e  a s  NH^Cl and KC1 i n  p r e v e n t i n g  t u r b i d i t y  changes 
i n  w hole  c e l l  s u s p e n s io n s  w h e re a s  t h e  f o u r  s a l t s  w e re  e q u a l ly  
e f f e c t i v e  i n  p r e v e n t i n g  t u r b i d i t y  c h a n g e s  i n  c e l l  en v e lo p e  
s u s p e n s i o n s .  T h u s ,  th e  d i f f e r e n t i a l  e f f e c t  o f  t h e s e  s a l t s  
o n  t h e  t u r b i d i t y  o f  whole c e l l  s u s p e n s io n s  was d u e  t o  th e
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d i f f e r e n t i a l  c a p a c i ty  o f  the  s a l t s  t o  p r e v e n t  l e a k a g e  o f  lo w  
m o le c u la r  w e igh t i n t r a c e l l u l a r  o r g a n i c  s o l u t e s  from  th e  c e l l s .
T h e  second s t a g e  o f l y s i s  w as  a s lo w e r  c o n t in u e d  
d i s i n t e g r a t i o n  of c e l l  env e lopes  (MacLeod, 1 9 6 8 ;  P r a t t ,  1 9 7 4 )  • 
The d i s i n t e g r a t i o n  o f  c e l l  e n v e lo p e s  was t h o u g h t  to  be t h e  
r e s u l t  o f  t h e  e f f e c t s  o f  io n ic  s t r e n g t h  and p a r t i c u l a r l y  
d i v a l e n t  c a t i o n s  on t h e  c o n f o rm a t io n  of m embrane p r o t e i n s .  
P r o t e o l y t i c  a u t o l y s i s  was c o n s i d e r e d  to  he a  d i r e c t  c o n se q u e n c e  
of such  c o n f o r m a t io n a l  changes (B ro w n , i9 6 0 ,  1 9 6 1 ,1 9 6 2 ) .
However, Buckmire a n d  MacLeod ( 1 9 6 5 )  d id  n o t  f a v o r  t h i s  
h y p o t h e s i s ,  because  t h e  l y s i s  o f  w h o le  c e l l s  w as  such a r a p i d  
p r o c e s s  t h a t  i t  seem ed u n l i k e l y  t h a t  i t  was d u e  t o  th e  a c t i o n  
of an enzym e. These i n v e s t i g a t o r s  d e m o n s t r a te d  t h a t  th e  
e f f e c t  o f  h e a t  (100 C f o r  15 m in ) and  NaCl ( 0 . 0 1  -  0 .1  M) on  
th e  r e l e a s e  of th e  h e x o s a m in e - c o n ta in in g  f r a c t i o n  of t h e  c e l l  
e n v e lo p e s  was a n a lo g o u s  to  th e  e f f e c t s  of h e a t  and s a l t s  o n  
th e  d e n a t u r a t i o n  o f  a  p o ly a n io n  a n d  was e x p l a i n a b l e  i n  t e r m s  
of a p o l y e l e c t r o l y t e  t h e o r y  ( K o t i n ,  1963). T h i s  s u g g e s te d  
two c o n c l u s i o n s :  ( l )  s in c e  h e a t e d  e n v e lo p es  r e l e a s e d  j u s t  a s
much h e x o s a m i n e - c o n ta i n in g  m a t e r i a l  as u n h e a t e d  e n v e lo p e s ,  
c e l l  e n v e lo p e  d i s i n t e g r a t i o n  was n o t  e n z y m a t ic ;  and (2 )  t h e  
d i s i n t e g r a t i o n  of t h e  c e l l  e n v e l o p e s ,  c o n f i rm e d  w ith  e l e c t r o n  
m ic r o g r a p h s ,  s u g g e s te d  t h a t  t h e  c e l l  en v e lo p e  was composed o f  
a s e r i e s  o f  s u b u n i t s .  S ubsequen t a n a ly se s  h a v e  d e te rm in e d  
t h a t  t h e  su b u n i t s  c o n t a i n e d  a l a r g e  number o f  n e g a t i v e l y  
charged  g ro u p s ,  f r e e  p h o sp h a te s  o f  th e  p h o s p h o l i p id s  and 
t e r m in a l  ca rboxy l g r o u p s  a s s o c i a t e d  w ith  am in o  a c id s  ( F o r s b e r g
20
e t  a l . ,  1970a , b ; Unemoto e t  a l . , 1 9 7 3 ; C o s t e r t o n  e t  a l . ,  
1 9 7 4 ) .  Na s c re e n e d  t h e s e  f r e e  e l e c t r o n e g a t i v e  c h a r g e s ,  
t h e r e b y  s t a b i l i z i n g  t h e  c e l l  e n v e lo p e ,  e s p e c i a l l y  t h e  muco- 
p e p t i d e  l a y e r  (B uckm ire  and  MacLeod, 1965; DeVoe and O ginsky , 
1 9 6 9 a ) .  Mg was more e f f e c t i v e  t h a n  Na i n  m a i n t a i n in g  en v e lo p e  
i n t e g r i t y  s in c e  i t  fo rm ed  d i v a l e n t  i o n i c  b r i d g e s  ( c h e l a t e )  
b e tw ee n  t h e  n e g a t i v e l y  c h a rg e d  g r o u p s  (Rayman e t  a l . ,  1967; 
M cC lare , 1967; DeVoe and O g insky , 1969b; D 'A o u s t  and  K u shn er ,  
1 9 7 1 5 Rayman and MacLeod, 1 9 7 5 ) .  The a b i l i t y  o f  KC1 t o  
p r e v e n t  l y s i s  o f m a r in e  b a c t e r i a  was due t o  i t s  c a p a c i t y  t o  
b a la n c e  t h e  i n t e r n a l  o sm o tic  p r e s s u r e  o f  t h e  c e l l s  when 
exposed  t o  a  h y p o to n ic  s o l u t i o n  (Unemoto e t  a d . , 1 9 7 3 ) .  i t  
may be  c o n c lu d e d  t h a t  lo w e r in g  t h e  s a l t  c o n c e n t r a t i o n  d e s t r o y s  
t h e  c o n t i n u i t y  o f  t h e  m u co p e p tid e  l a y e r  o f  m a r in e  b a c t e r i a  
t h e r e b y  w eakening  t h e  c e l l  e n v e lo p e  t o  t h e  p o i n t  w here  t h e  
i n t r a c e l l u l a r  o sm o tic  p r e s s u r e  c a u s e d  th e  e n v e lo p e  t o  r u p t u r e  
(MacLeod, 1 9 6 8 ) .
I n  t h e  p a s t ,  t h e  l y t i c  phenomenon o f  m o d e ra te  h a l o ­
p h i l i c  b a c t e r i a  h a s  b e e n  a s c r i b e d  t o  o sm o tic  e f f e c t s  (L a r s e n ,  
1 9 6 2 ) .  However, C h r i s t i a n  and In g ram  (1959 a , b )  
d e m o n s tr a te d  t h a t ,  s i m i l a r  to  m a r in e  o rg a n is m s ,  V* c o s t i c o l u s , 
V. m e t s c h n i k o v i i , and  V. i c h th y o d e r m is  l y s e d  a t  h i g h e r  concen­
t r a t i o n s  o f  KC1 and NH^Cl t h a n  w i t h  NaCl o r  L iC l .  The d a t a  
s u g g e s te d  t h a t  i n  h y p o to n ic  s o l u t i o n s  t h e  s m a l l e r  h y d r a te d  
i o n i c  r a d i i  (K and NH^) p e n e t r a t e d  t h e  c e l l  e n v e lo p e  c a u s in g  
i n c r e a s e d  i n t e r n a l  o sm o tic  p r e s s u r e .  The s u b s e q u e n t  s w e l l in g  
defo rm ed  and f i n a l l y  r u p t u r e d  t h e  c e l l  e n v e lo p e s  weakened by  
t h e  Na d e f i c i t .
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T a k a h a s h i  and G ibbons (1 959 )  fo u n d  t h a t  t h e  s u s c e p t i ­
b i l i t y  o f  M. h a l o d e n i t r i f i c a n s  t o  l y s i s  i n  h y p o to n ic  s o l u t i o n s  
was i n c r e a s e d  b y  g ro w th  i n  a medium c o n t a i n i n g  l e s s  t h a n  0 .6  
M N aCl. They n o te d  t h a t  t h i s  s u s c e p t i b i l i t y  was r e l a t e d  to  
t h e  d e c r e a s e  c o n te n t  o f  a  c h a r a c t e r i s t i c  c e l l  e n v e lo p e  
com ponent, d ia m in o p im e l ic  a c i d .  T hese  i n v e s t i g a t o r s  c o n c lu d e d  
t h a t  NaCl m ig h t  b e  r e q u i r e d  f o r  c e l l  e n v e lo p e  s y n t h e s i s  and 
i n t e g r i t y .  I f  t h e  l y t i c  c a p a c i t y  o f  N aC l, L iC l ,  NH^Cl, and 
KC1 on m o d e ra te  h a l o p h i l i c  b a c t e r i a  was t h e  same f o r  m ar in e  
b a c t e r i a ,  t h e  mode o f  a c t i o n  m ig h t  be  e x p la in e d  by t h e  
h y d r a t e d  i o n i c  r a d i i  t h e o r y  o f  C h r i s t i a n  (1 9 5 6 ) .
The l y s i s  o f  e x tre m e  h a l o p h i l i c  b a c t e r i a  a l s o  was 
assum ed t o  b e  due s o l e l y  t o  o sm o tic  e f f e c t s  ( L a r s e n ,  1 9 6 2 ) .  
However, Abram and G ibbons ( i 9 6 0 ,  1961) showed t h a t ,  s i m i l a r  
t o  m a r in e  and  m o d e ra te  h a l o p h i l i c  b a c t e r i a ,  NaCl an d  L iC l 
were more e f f e c t i v e  t h a n  KC1 and NH^Cl i n  p r e v e n t i n g  l y s i s  o f
H. c u t i r u b r u m  and H. h a lo b iu m  and s u g g e s t e d  s t r o n g l y  t h a t  
C h r i s t i a n ' s  t h e o r y  was a p p l i c a b l e  t o  h a l o p h i l i c  b a c t e r i a  i n  
g e n e r a l .  They o b se rv e d  t h a t  H. c u t i r u b r u m  and H. h a lo b iu m  
l y s e d  a t  a  f i x e d  NaCl c o n c e n t r a t i o n ,  in d e p e n d e n t  o f  t h a t  a t  
w hich  th e  c e l l s  were grow n. On t h e  b a s i s  o f  t h i s  and  f u r t h e r  
o b s e r v a t i o n s  on  m o r p h o lo g ic a l  a l t e r a t i o n s ,  t h e s e  i n v e s t i g a t o r s  
s u g g e s te d  t h a t  t h e  p r e s e n c e  o f  NaCl c o n c e n t r a t i o n s  g r e a t e r  
t h a n  2 .0  M NaCl w ere  needed  t o  s c r e e n  t h e  e l e c t r o - n e g a t i v e  
c h a r g e s  o f  t h e  c e l l  e n v e lo p e  and m a i n t a i n  t h e  r o d - s h a p e  o f  
t h e  b a c t e r i a .  S u b seq u en t  i n v e s t i g a t i o n s  have  shown t h a t  th e  
dependence  upon  h ig h  c o n c e n t r a t i o n s  o f  Na and Mg ( 0 . 5  M M gC^
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o r  g r e a t e r )  b y  h a l o b a c t e r i a  t o  m a i n t a i n  c e l l  e n v e lo p e  i n t e g r i t y  
was due p r i m a r i l y  t o  t h r e e  f a c t o r s :  ( l )  t h e  u n iq u e  p r e s e n c e
o f  lo n g  c h a in  a l k y l  g ro u p s  j o i n e d  b y  e t h e r  ( n o t  e s t e r )  l i n k ­
a g e s  t o  g l y c e r o l  ( S m i th i e s  _et a l . , 1955; S e h g a l  e t  a l . , 1962; 
K a te s  e t  a l . , 1963 , 1965; K ushner e t  a l . , 1964; Brown, 1 9 6 5 ) ;  
(2 )  t h e  p r e s e n c e  o f  3 t im e s  more a c i d i c  t h a n  b a s i c  amino a c i d s  
(B a x te r , ,  1959; Brown, 1963, 1964; Brown and S h o re y ,  1963; 
K ushner e t  a l . ,  1964; K u sh n er ,  1964; K ushner and O n is h i ,  1966; 
O n is h i  and K u sh n e r ,  1966; S to e c k e n iu s  and Rowan, 1967;
S te e n la n d  and L a r s e n ,  1969; R e i s t a d ,  1 9 7 0 ) ;  and (3 )  t h e  
ab sen c e  o f  a  m u c o p e p tid e  " r i g i d  l a y e r "  (m uram ic a c i d  and 
d ia m in o p im e l ic  a c i d  a b s e n c e )  (Brown and S h o re y ,  1963; Mohr 
and L a r s e n ,  1963; S a l t o n ,  1964 ; K ushner e t  a l . ,  1964; L a r s e n ,  
1967; Soo-Hoo and Brown, 1967; M a r s h a l l  a t  a l . ,  1969; M escher 
e t  a l . , 1 9 7 4 ) .
Among g r a m -n e g a t iv e  b a c t e r i a ,  t h e r e  e x i s t e d  a sp e c tru m  
o f  s u s c e p t i b i l i t y  t o  l y s i s  r a n g i n g  from b a c t e r i a  w hich  r e q u i r e d  
h ig h  s a l t  c o n c e n t r a t i o n  ( 2 .0  M NaCl) t o  p r e v e n t  d i s r u p t i o n  o f  
t h e  c e l l s  t o  t h o s e  w h ich  m a in t a in e d  t h e i r  i n t e g r i t y  i n  
d i s t i l l e d  w a te r  (MacLeod, 1 9 6 5 ) .  B a c t e r i a  m ost s u s c e p t i b l e  
to  l y s i s  w ere  t h e  ex trem e  h a l o p h i l i c  b a c t e r i a ,  f o l lo w e d  by  t h e  
m o d era te  h a l o p h i l i c  b a c t e r i a ,  and  a t  th e  lo w e r  end o f  t h e  
sp e c tru m , t h e  m ar in e  b a c t e r i a .  O rganism s o f  t e r r e s t r i a l  
o r i g i n  w ere  c o n s i d e r e d  g e n e r a l l y  n o t  t o  be  s u s c e p t i b l e  t o  
l y s i s  (MacLeod, 1 9 6 5 ) .  However, two nonm arine  s p e c i e s ,  
F r a n c i s c e l l a  t u l a r e n s i s  and N e i s s e r i a  p e r f l a v a  d e m o n s t r a te d  
i n t r a c e l l u l a r  s o l u t e  l e a k a g e  and d e c r e a s e d  c e l l  en v e lo p e
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i n t e g r i t y  a f t e r  b r i e f  e x p o su re  t o  d i s t i l l e d  w a te r  (W ager,
1959a , b ) .  From t h e  d a t a  c o n c e r n in g  l y s i s ,  two g e n e r a l  
c o n c lu s io n s  w ere  draw n: (1 )  a s  more m arin e  and  nonm arine
b a c t e r i a  a r e  s t u d i e d ,  c l e a r - c u t  d i s t i n c t i o n s  b e tw ee n  m arin e  
and non m arin e  s p e c i e s  o f  b a c t e r i a  c a n n o t  be  made s o l e l y  on 
t h e  b a s i s  o f  l y t i c  and  s u s c e p t i b i l i t y ;  and (2 )  m arine  b a c t e r i a  
were t h e  b e g in n in g  o f  a s e r i e s  o f  o rg an ism s  w i t h  i n c r e a s i n g  
Na a n d /o r  Cl r e q u i r e m e n t s .
The o b l i g a t e  g ro w th  r e q u i r e m e n t  o f  m a r in e  b a c t e r i a  
f o r  Na c a n n o t  be  a s c r i b e d  e n t i r e l y  t o  m a i n t a i n in g  c e l l  en v e ­
lo p e  i n t e g r i t y .  I n d e e d ,  t h e  s p e c i f i c  r e q u i r e m e n t  f o r  g ro w th  
may be more a f u n c t i o n  o f  t h e  s p e c i f i c  Na r e q u i r e m e n t  o f  
m ar in e  b a c t e r i a  f o r  m e ta b o l ism  (MacLeod and O n o fre y ,  1957a; 
MacLeod e t  a l . , 1958 ; P a y n e ,  i9 6 0 ;  T y le r  e t  a l . ,  I 9 6 0 ) .  Na 
and K i n  t h e  medium have  b e e n  shown t o  a f f e c t  m ark ed ly  b o th  
t h e  r a t e  and e x t e n t  o f  g ro w th  o f  m a r in e  b a c t e r i a  examined 
(MacLeod, 1965, 1 9 6 8 ) .  However, i n  a l l  c a s e s  t e s t e d ,  c o n c e n ­
t r a t i o n s  o f  Na r e q u i r e d  f o r  a m axim al r a t e  o f  s u b s t r a t e  
o x i d a t i o n  by  c e l l  s u s p e n s io n s  i n h i b i t e d  t h e  a c t i v i t y  o f  c e l l -  
e x t r a c t e d  enzymes i n v o l v e !  i n  t h e s e  o x i d a t i o n  p r o c e s s e s  
(MacLeod e t  a l . ,  1958; MacLeod and H o r i ,  I9 6 0 ;  MacLeod e t  a l . , 
I9 6 0 ;  P r a t t  and H ap p o ld , i 9 6 0 ) .  U t i l i z i n g  A. m a r in o p ra e s e n s  
and v a r i o u s  m ono-, d i - ,  and t r i - b a s i c  a c i d s  a s  w e l l  a s  a  
n o n m e ta b o l iz a b le  a n a lo g  ( a - a m i n o - i s o b u t y r i c  a c i d - l - ^ C ) ,
D rapeau  and MacLeod (1963) and D rapeau  _et a l ,  (1966) 
d e m o n s t r a te d  an o b l i g a t e  r e q u i r e m e n t  o f  b o t h  Na and K f o r  t h e  
t r a n s p o r t  o f  exogenous s u b s t r a t e s  i n t o  t h e  c e l l s .  In  a d d i t i o n ,
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t h e  amount o f  Na, b u t  n o t  K, r e q u i r e d  f o r  t h e  maximum r a t e  o f  
o x i d a t i o n  v a r i e d  w i t h  t h e  s u b s t r a t e  b e in g  o x i d i z e d .  These 
s t u d i e s ,  i n  c o n j u n c t i o n  w i th  k i n e t i c  a n a l y s i s  o f  t h e  Na- 
d e p en d e n t  t r a n s p o r t  p r o c e s s  (Wong a t  a l . , 1969) s u g g e s te d  
t h a t  t h e  p r im e  r u l e  f o r  Na was t o  i n c r e a s e  th e  a f f i n i t y  o f  
a c a r r i e r  o r  b i n d in g  p r o t e i n  f o r  t h e  m o le c u le  t o  b e  t r a n s p o r t e d  
(Thompson and  MacLeod, 1971)* T h is  t h e o r y  c o n t r a d i c t e d  an 
e a r l i e r  c o n c l u s i o n  b y  Payne (1 9 5 8 ,  I9 6 0 )  and Rhodes and 
Payne (1 9 6 2 , 1967) t h a t  Na was i n v o lv e d  i n  t h e  f o r m a t io n  
( i n d u c t i o n )  o f  t h e  t r a n s p o r t  ( ’'p e rm e a s e ” ) sy s te m .
Thompson and  MacLeod (1 9 7 1 ,  1973) c o n c lu d e d  t h a t  K 
was n eeded  t o  a c c u m u la te  and i n c r e a s e  t h e  r a t e  o f  u p ta k e  o f  
s u b s t r a t e .  S in c e  K a c c u m u la t io n  h a s  b e e n  d e m o n s t r a te d  i n  
t e r r e s t r i a l  b a c t e r i a  (L a r s e n ,  1 9 6 2 ) ,  a t r a n s p o r t  sys tem  
s i m i l a r  t o  t h a t  o f  m a r in e  b a c t e r i a  may b e  common. MacLeod 
(1968) s p e c u l a t e d  a b o u t  a  N a-, K - a c t i v a t e d  ATPase mechanism 
o f  a c t i v e  t r a n s p o r t  i n  m ar in e  b a c t e r i a ,  s i m i l a r  t o  t h a t  s e e n  
i n  an im al c e l l s  (C ra n e ,  1965; K ip n i s  and P a r r i s h ,  1965; S c h u l t z  
and C u r ra n ,  1 9 7 0 ) .  However, no su c h  mechanism h a s  y e t  b e e n  
d e m o n s t r a te d  i n  m a r in e  b a c t e r i a  (MacLeod, 1 9 6 8 ) .
C l e a r  e v id e n c e  i s  a v a i l a b l e  t h a t  i n t r a c e l l u l a r  enzyme 
system s o f  m o d e ra te  an d  ex trem e  h a l o p h i l i c  b a c t e r i a  were 
a c t i v e  i n  NaCl c o n c e n t r a t i o n s  r a n g i n g  from  0 .4  t o  5 -8  M, 
a l th o u g h  o p t im a l  a c t i v i t y  o f  c e l l - f r e e  enzyme p r e p a r a t i o n s  
was n o t  a lw a y s  a t  s i m i l a r  NaCl c o n c e n t r a t i o n s  a s  t h a t  n e c e s ­
s a r y  f o r  o p t im a l  g ro w th  of t h e  o rg a n ism  (R o b in so n  e t  a l . ,  1952; 
B a x te r  and G ib b o n s , 1954 , 1956, 1957; L a r s e n ,  1 9 6 2 , 1967;
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K u s h n e r ,  1 9 64 ) .  However, v e r y  l i t t l e  e v id e n c e  was a v a i l a b l e  
t o  d e m o n s t r a te  a N a -d ep en d en t  t r a n s p o r t  sy s te m  i n  m o d e ra te  
and ex tre m e  h a l o p h i l i c  b a c t e r i a  (L a r s e n ,  1962; K u sh n e r ,  1 9 6 8 ) .
A s i n g u l a r  r e p o r t  b y  S te v e n s o n  (1966) i n d i c a t e d  t h a t  t h e  
u p ta k e  o f  g lu ta m a te  by H. s a l i n a r i u m  was d e p en d e n t  s p e c i f i c ­
a l l y  on  a NaCl c o n c e n t r a t i o n  g r e a t e r  t h a n  5 -0  M. A d d i t i o n a l l y ,  
KOI w h ich  was p r e s e n t  i n  c o n c e n t r a t i o n s  a p p ro a c h in g  
s a t u r a t i o n  ( 4 . 5  M) w i th in  t h e  c e l l s ,  a c t i v a t e d  th e  enzym es 
s t u d i e d  by S te v e n s o n  (1 9 6 6 ) .  S te v e n s o n  fo u n d  t h a t  t h e  u p ta k e  
o f  g lu ta m a te  b y  H. s a l i n a r iu m  was by  a c t i v e  t r a n s p o r t .  I n  
l i g h t  o f  th e  d e p en d e n ce  on Na and  K g r a d i e n t s  b e tw een  t h e  
i n s i d e  o f  an im al c e l l s  and t h e  medium f o r  ATPase a c t i v i t y  
a s s o c i a t e d  w i th  a c t i v e  t r a n s p o r t  ( K l e i n z e l l e r  and K o ty k ,
1 9 6 1 ) ,  i t  i s  a t t r a c t i v e  t o  t h i n k  o f  an ATPase sy s tem  o p e r a ­
t i o n a l  i n  m o d e ra te  and e x tre m e  h a l o p h i l i c  b a c t e r i a .  U n fo r ­
t u n a t e l y ,  no s u c h  system  h a s  y e t  b e en  fo u n d  (K u sh n er ,  1 9 6 8 ) .
The e v id e n c e  t h u s  f a r  s u g g e s t s  t h a t  Na and K h av e  
s p e c i f i c  f u n c t i o n s  i n  m a r in e  b a c t e r i a  i n  t r a n s p o r t  m echan ism s. 
Many more i n v e s t i g a t i o n s  on m e ta b o l i c  s y s te m s  of many o t h e r  
o b l i g a t e  h a l o p h i l i c  b a c t e r i a  m ust be  p e r fo rm e d  b e f o r e  g e n e r a l  
c o n c lu s io n s  r e g a r d i n g  th e  s p e c i f i c  r e q u i r e m e n t  f o r  Na f o r  
s u b s t r a t e  u p ta k e  and m e ta b o l ism  c an  be  d raw n .
M ic ro o rg a n ism s  o t h e r  t h a n  b a c t e r i a  t o l e r a t e d  o r  
r e q u i r e d  v a r i o u s  c o n c e n t r a t i o n s  o f  NaCl ( L a r s e n ,  1 9 6 2 ) .  Many 
o f t h e s e  o rg a n is m s  grew o p t i m a l l y  a t  NaCl c o n c e n t r a t i o n  
in d ig e n o u s  t o  t h e i r  e n v iro n m e n t ,  w h i le  o t h e r  o rg a n ism s  grow 
o p t i m a l l y  a t  lo w e r  NaCl c o n c e n t r a t i o n s  t h a n  t h e i r  e n v iro n m en t
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( E l a z a r i - V o l c a n i ,  1940; B rock , 1 9 6 9 ) .  The a b i l i t y  t o  t o l e r a t e  
or r e q u i r e  NaCl c o n c e n t r a t i o n s  g r e a t e r  t h a n  t h a t  i n  s e a w a te r  
was d e m o n s t r a te d  i n  p r o t o z o a n s ,  c i l i a t e s ,  and sh rim p  ( L a r s e n ,
1 9 62 ) .  E l a z a r i - V o l c a n i  (1 9 4 0 , 1943) d e m o n s t r a te d  t h a t  
D im astigam oeba  sp .  and  Z o o m a s t ig in a  ( Calonym pha) i s o l a t e d  
from t h e  Dead Sea ( 1 .2  M NaCl, 1 .5  M M g C ^ , B rock , 1969) grew 
o p t im a l l y  be tw een  1 .0  and  2 .3  N NaCl. L o e fe r  (19 39 )  o b se rv e d  
a d a p t a t i o n  o f  f r e s h  w a t e r  c i l i a t e s  ( C o lp id iu m ) and f l a g e l l a t e s  
(E u g le n a ) t o  NaCl c o n c e n t r a t i o n s  r a n g in g  from 0 .5  t o  1 .5  M. 
F lo w ers  and  Evans (1 9 6 6 )  n o te d  t h a t  Chlamydomonas and 
C la d o s p o ra  t o l e r a t e d  2 . 0  H NaCl b u t  grew  o p t im a l l y  a t  0 .8  M 
NaCl. The b r i n e  sh r im p , A r te m ia  s a l i n a , i s o l a t e d  from  t h e  
G rea t  S a l t  Lake (A—5 M N aCl, B ro c k , 1 9 6 9 ) ,  r e q u i r e d  a minimum 
of 1 .5  M NaCl f o r  g ro w th  and grew  o p t i m a l l y  a t  3 .0  M NaCl 
(Cole  an d  Brown, 1 9 6 7 ) .
H o ld s  and f u n g i  w ere  o f t e n  r e s i s t a n t  t o  h ig h  s a l t  
c o n c e n t r a t i o n s  i n  t h e i r  e n v iro n m e n t  b u t  n o t  many fo rm s  a r e  
r e p o r t e d  t o  be  s t r o n g l y  h a l o p h i l i c  ( L a r s e n ,  1 9 6 2 ) .  A number 
o f s t r a i n s  o f  Sporendonem a s e b i  ( T o r u l a  e p i z o a , S . ep izoum ) 
grew o p t i m a l l y  a t  1 .5  -  2 . 0  M NaCl (F ra n k  and H e ss ,  1941a , b ) .  
These m o ld s  o c c u r r e d  f r e q u e n t l y  on s a l t e d  f i s h ,  m eat p r o d u c t s ,  
and b e a n s  (H of, 1 9 3 5 ) .  S in c e  o t h e r  s a l t s  and g lu c o s e  c an  
s u b s t i t u t e  f o r  NaCl, t h e s e  m olds w ere  r e a l l y  o sm o p h i l ic  
( V a is e y ,  1 9 5 4 ) .
Among th e  y e a s t s ,  r e p r e s e n t a t i v e s  o f  t h e  genus 
Debarom yces l i v e d  i n  t h e  p r e s e n c e  o f  2 . 5  -  3*5 M NaCl (H o f, 
1 9 3 5 ) .  S a l t - t o l e r a n t  y e a s t s  i s o l a t e d  from  soy sa u c e  ( 3 - 0  M
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NaCl) and s a l t e d  co d fish ,  h av e  b e e n  re v ie w e d  by  O n is h i  (1 9 6 3 ) ,  
Ueno (1 9 6 4 ) ,  an d  Y o s h i i  ( 1 9 6 7 ) .  However, s i n c e  t h e s e  y e a s t s  
r e q u i r e d  a h i g h  o sm o tic  p r e s s u r e  p r o v id e d  b y  v a r i o u s  s u g a r s ,  
t h e y  were o s m o p h i l i c  and o s m o t o l e r a n t .
Many s p e c i e s  o f  a l g a e  w ere  c h a r a c t e r i z e d  b y  t h e i r  
a b i l i t y  to  r e q u i r e  o r  t o l e r a t e  NaCl c o n c e n t r a t i o n s  g r e a t e r  
t h a n  1 .0  M (R u in e n ,  1 9 3 8 ) .  The g r e e n  a l g a e ,  D u n a l i e l l a  
v i r i d i s , i s o l a t e d  from t h e  Dead S e a ,  grew i n  m edia c o n t a i n i n g  
1 .5  t o  4 .0  M N aC l, a l th o u g h  o p t im a l  g row th  o c c u r r e d  b e tw een
2 .0  -  2 .5  M NaCl ( E l a z a r i - V o l c a n i ,  1940, 1944; Jo h n so n  e t  a l . ,  
1 9 6 8 ) .  D. s a l i n a  grew o p t i m a l l y  b e tw een  1 .5  and 2 . 0  M NaCl, 
b u t  t o l e r a t e d ,  s u r p r i s i n g l y ,  a  s a t u r a t e d  s o l u t i o n  o f  NaCl 
( a b o u t  6 .0  M) (G ib o r ,  1 9 5 6 ) .  E l a z a r i - V o l c a n i  (1 94 3 , 1944) 
d e m o n s tr a te d  t h a t  a minimum o f  2 .5  W NaCl was r e q u i r e d  f o r  
g ro w th  by t h e  c y a n o b a c te r iu m ,  A lp h a n o c a p s a , i s o l a t e d  from  t h e  
Dead S ea . B a t t e r t o n  and Van B a a le n  (1 9 7 1 )  showed t h a t  m a r in e  
i s o l a t e s  o f  c y a n o b a c t e r i a ,  f o r  exam ple , Agmenellum q u a d r u p l i -  
ca tum , t o l e r a t e d  1 .0  t o  2 . 0  M NaCl com pared t o  l e s s  t h a n  0 .5  
M NaCl f o r  n o n -m a r in e  i s o l a t e s .  A lth o u g h  l i m i t e d ,  t h e  s t u d i e s  
on c y a n o b a c t e r i a  s u g g e s t  a  d i s t i n c t  h a l o t o l e r a n c e .
Very l i t t l e  i s  known c o n c e rn in g  t h e  a d a p t iv e  t r a i t s  
o f  m ic ro o rg a n is m s ,  o t h e r  t h a n  b a c t e r i a ,  t o  NaCl. I n  t h e  few 
c a s e s  s t u d i e d ,  p r i m a r i l y  a l g a e  and  y e a s t s ,  an  e n e r g y - r e q u i r i n g  
mechanism a c t i v e l y  p r e v e n te d  h ig h  c o n c e n t r a t i o n s  o f  NaCl o r  
s u g a r  from e n t e r i n g  t h e  c e l l ,  t h e r e b y  p r e v e n t i n g  m a c ro m o le c u la r  
a l t e r a t i o n s  (W atson , 1 9 7 0 ) .  When s t r e s s e d  w i th  h ig h  co n cen ­
t r a t i o n s  o f  s a l t s  o r  s u g a r s ,  y e a s t s  and c i l i a t e s  d e c r e a s e d
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s l i g h t l y  i n  s i z e ,  i n d i c a t i n g  p o s s i b l e  p l a s m o l y s i s ,  p o s s i b l y  
c a u se d  by  o sm o tic  o r  i o n i c  s t r e s s e s  (Brown, 1 9 6 4 ) .
R e c e n t l y ,  an  e x p l a n a t i o n  h a s  b e e n  p ro p o s e d  t o  e x p l a i n  
t h e  m echanism  o f  NaCl r e s i s t a n c e  i n  t h e  g re e n  a l g a ,
D u n a l i e l l a , o r i g i n a l l y  i s o l a t e d  from  t h e  Dead S ea  b y  E l a z a r i -  
V o lc a n i  ( 1 9 4 0 ) .  P r e l i m i n a r y  d a t a  by Ben-Amotz a n d  Avron 
(1975) i n d i c a t e d  t h e  o s m o r e g u la to r y  mechanism i n  D u n a l i e l l a  
was t h e  r e s u l t  o f  p h o t o s y n t h e t i c  p r o d u c t i o n  and d e g r a d a t i o n  
o f  g l y c e r o l .T h e y  n o te d  t h a t  t h e  i n t r a c e l l u l a r  c o n c e n t r a t i o n  
o f  g l y c e r o l  v a r i e d  a c c o rd in g  t o  t h e  e x t e r n a l  NaCl c o n c e n t r a ­
t i o n  s i m i l a r  t o  t h e  v a r i a n c e  o f  i n t r a c e l l u l a r  K c o n c e n t r a t i o n s  
i n  o b l i g a t e  h a l o p h i l i c  b a c t e r i a .  I n t r a c e l l u l a r  d e g r a d a t i o n  
o f  g l y c e r o l  c a u se d  i t  t o  a c t  a s  a  " c o m p a t ib le  s o l u t e " ,  
a n a lo g o u s  t o  i n t r a c e l l u l a r  K i n  o b l i g a t e  h a l o p h i l i c  b a c t e r i a  
and e s p e c i a l l y  i n  ex tre m e  h a l o p h i l i c  b a c t e r i a ,  and  a r a b i t o l  
i n  o s m o p h i l ic  y e a s t  (Brown and Sim pson, 1 9 7 2 ) .  B o ro w itzk a  
and Brown (1 9 7 4 )  fo u n d  up t o  4 0 . 5  % g l y c e r o l  i n  _D. v i r i d i s  
grown i n  4 . 5  M NaCl. Thus, t h e  r o l e  o f  g l y c e r o l ,  a r a b i t o l ,  
and o t h e r  s o l u t e s  i n  ex trem e  h a l o p h i l i c ,  n o n b a c t e r i a l  
m ic ro o rg a n ism s  may be  t o  c o n t r i b u t e  t o  a  b a la n c e d  i n t e r n a l  
o sm o tic  p r e s s u r e  and m a in t a in  enzyme a c t i v i t y  i n  a n  e n v i r o n ­
ment low i n  w a te r  a c t i v i t y  (Ben-Amotz and A vron, 1 9 7 5 )-
The m a jo r  them e o f t h i s  re v ie w  was t o  i n d i c a t e  t h e  
r e l a t i o n s  b e tw ee n  Na and m ic ro o rg a n is m s  d e m o n s t r a t in g  an 
o b l i g a t e  n e e d  f o r  t h i s  io n  f o r  g ro w th .  Two c o n c l u s i o n s  w ere  
draw n: ( 1 )  t h e  m a r in e  b a c t e r i a  s t u d i e d  have d e m o n s t r a te d
h i g h l y  s p e c i f i c ,  s t a b l e ,  and i n  m ost c a s e s ,  r e a d i l y  d e t e c t a b l e
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r e q u i r e m e n t s  f o r  Na f o r  g ro w th ,  c e l l  e n v e lo p e  i n t e g r i t y ,  
p r e v e n t i o n  o f  l y s i s ,  and s u b s t r a t e  t r a n s p o r t  i n t o  t h e  c e l l s .  
Thus, t h e  k e y  to  th e  d i s t i n c t i o n  b e tw e e n  m a r in e  and t e r r e s t r i a l  
b a c t e r i a  may w e l l  be  t h e  m echan ism (s)  w h ich  c o n f e r  on m a r in e  
b a c t e r i a  t h e  s e l e c t i v e  a d v a n ta g e  and  c a p a c i t y  t o  s u r v i v e  and  
grow i n  t h e  s e a ;  (2 )  m a r in e  b a c t e r i a  s h o u ld  be  c o n s id e r e d  t h e  
b e g in n in g  o f  a s e r i e s  o f  s p e c i a l i z e d  m ic ro o rg a n ism s  w i th  
i n c r e a s i n g  Na r e q u i r e m e n t s .  E xtrem e h a l o p h i l i c  b a c t e r i a  
d i f f e r e d  from  m arine  and m o d e ra te  h a l o p h i l i c  b a c t e r i a .  E xtrem e 
h a l o p h i l i s m  was a s t a b l e  g e n e t i c  c h a r a c t e r ,  n e i t h e r  a c q u i r e d  
n o r  l o s t  r e a d i l y  ( L a r s e n ,  1962 , 1967 , 1973; K u sh n er ,  1 9 6 8 ) .  
However, e v o l u t i o n a r y  d iv e r g e n c e  from  a common a n c e s t o r  t o  
d i s t i n c t  s p e c i e s  i s  w e l l  known i n  n a t u r e  ( O p a r in ,  1 9 6 2 ) .
T here  was a  p r o g r e s s i v e  dep en d en ce  upon  Na (an d  K) a s  
i l l u s t r a t e d  b y  a p r o g r e s s i v e l y  s t r u c t u r a l l y  s im p le r  c e l l  
e n v e lo p e ,  h i g h e r  i n t r a c e l l u l a r  Na and K c o n c e n t r a t i o n s ,  and 
t h e  p red o m in an c e  o f  a c i d i c  o v e r  b a s i c  p r o t e i n s  a s  e n v iro n m e n ta l  
NaCl c o n c e n t r a t i o n s  w ere  i n c r e a s e d .
B e fo re  t h e  u n iq u e n e s s  o f  m a r in e  b a c t e r i a  and ex trem e  
h a lo p h i l i s m  can  be e s t a b l i s h e d ,  f u r t h e r  q u e s t i o n s  m ust be  
a n sw e red .  S tu d ie s  o f  b a c t e r i a  i s o l a t e d  from  t h e  f l u c t u a t i n g  
en v iro n m en t o f  an e s t u a r y  m igh t f a c i l i t a t e  a n sw e r in g  q u e s t i o n s  
c o n c e rn in g  t h e  r e l a t i o n  be tw een  Na and m ic ro o rg a n ism s  
i n d ig e n o u s  t o  a  s a l i n e  e n v iro n m e n t .  How s t e n o h a l i n e  i s  an  
e s t u a r i n e  b a c t e r i a l  p o p u l a t i o n ?  Do NaCl c o n c e n t r a t i o n s  many 
f o l d  g r e a t e r  th a n  t h a t  i n  t h e  e s t u a r y  s e l e c t  f o r  N a C l - t o l e r a n t  
b a c t e r i a ?  What a r e  t h e  e f f e c t s  o f  t h e  e x c e s s  NaCl
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c o n c e n t r a t i o n s  on t h e  m orp h o lo g y , p h y s io lo g y ,  and b i o c h e m i s t r y  
o f  e s t u a r i n e  b a c t e r i a  s e l e c t e d  f o r  t h e i r  NaCl t o l e r a n c e ?  
I n v e s t i g a t i o n s  o f  t h e s e  q u e s t i o n s  may c o n t r i b u t e  t o  an  u n d e r ­
s t a n d in g  o f  h a l o p h i l i s m  and t h e  n a t u r e  o f  m a r in e  b a c t e r i a .
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CHAPTER I I I  
MATERIALS AND METHODS
E x p e r im e n ts  i n  t h i s  d i s s e r t a t i o n  w ere  p e r fo rm e d  i n  
d u p l i c a t e  o r  t r i p l i c a t e .
A. E c o l o g i c a l  S t u d i e s .
1 .  Sam pling  T e c h n iq u e s .
Sam ples o f  e s t u a r i n e  w a te r  were c o l l e c t e d  from  t h e  
dock o r  t h e  p o l y v i n y l  c h l o r i d e  (PVC) p i p e s  e n t e r in g  t h e  l o f t  
o f  t h e  J a c k s o n  E s t u a r i n e  L a b o r a to r y  ( J E L ) ,  Adams P o i n t ,  
Durham, N.H. When t h e  dock was i n  t h e  w a t e r  (A p r i l -N o v e m b e r , 
1 9 7 3 -1 9 7 5 ) ,  e s t u a r i n e  w a te r  sam p les  w ere  c o l l e c t e d  m a n u a l ly  
i n  s t e r i l e  m i l k - d i l u t i o n  b o t t l e s  by c o m p le te  im m ers ion  
b e n e a th  t h e  s u r f a c e  o f  t h e  w a t e r .  D u r in g  th e  w i n t e r ,  w a te r  
sam p le s  w ere  c o l l e c t e d  from  t h e  PVC p i p e s  i n  s t e r i l e  m i lk  
d i l u t i o n  b o t t l e s .  The pum ping system  f o r  JEL was l o c a t e d  i n  
t h e  basem en t and  drew w a te r  from  a p p ro x im a te ly  20 m o f f  s h o re  
a t  a  d e p th  o f  10 m a t  low t i d e .  The s e a w a t e r  sa m p le s  w ere  
enu m era ted  im m e d ia te ly  a f t e r  c o l l e c t i o n .  O th e r  m ea su re m e n ts  
r e c o r d e d  w e re :  (1 )  S a l i n i t y ,  u s in g  e i t h e r  an A & 0 S a l i n o -
m e te r  (G o ld b e rg  Model 104-23) a n d /o r  t h e  Honeyw ell E l e c t r o n i x -  
15 r e c o r d i n g  c h a r t  i n  JEL; ( 2 )  T e m p e ra tu re ,  u s in g  e i t h e r  a 
m ercu ry  th e rm o m e te r  ( -2 0  t o  110 C) a n d / o r  th e  Leeds and  
N o r th ru p  Speedomax-H r e c o r d i n g  c h a r t  i n  JEL; (3 )  pH, u s i n g  
t h e  C orn in g  Model 12 pH m e t e r .
2 .  S y n t h e t i c  S e a w a te r .
Two s y n t h e t i c  s e a w a t e r  f o r m u la t i o n s  were u s e d .  Due 
t o  e a se  o f  p r e p a r a t i o n ,  S ev en  Seas m a r in e  s y n t h e t i c  s e a w a te r
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( U t i l i t y  C hem ical Company, P a t e r s o n ,  N . J . )  was used  f o r  t h e  
e c o l o g i c a l  s t u d i e s .  I t  had t h e  f o l lo w in g  ch em ic a l  c o m p o s i t io n  
( i n  g / l i t e r ) :  NaCl, 2 4 .0 ;  M gSO ^H gO , 6 . 0 ;  Mg02 *6H20 , 4 . 5 ;
KC1, 0 . 6 ;  CaCl2 , 0 . 4 ;  KNOj, 0 .1 1 ;  N a ^ i O ^ - ^ O ,  0 .0 2 5 ;  KH2P04 , 
0 .0 2 ;  F e C l^ , 0 .0 0 1 ;  ZnCl2 , 0 .0 0 0 0 5 ;  CoCl2 , 0 .000001 ; H^BOj, 
0 .0 0 0 0 0 0 4 ;  and a one  ml s o l u t i o n  c o n t a i n i n g  ( i n  g / l i t e r ) :  Br,
0 .0 6 5 ;  S r ,  0 .0 1 5 ;  I ,  0 .0 0 0 0 5 ;  F ,  0 .0 0 0 0 1 ;  T r i s  B u f f e r ,  0 .0 0 5 ,  
pH 7 -6  (B io lo g y  D a ta  Handbook, 1 9 7 2 ) .  The s y n t h e t i c  s e a w a t e r  
f o r m u l a t i o n  had a s a l i n i t y  o f  35*0^0 .5  p p t  when p r e p a r e d  by  
a d d in g  4 2 .8 1  g S ev en  S e a s  m a r in e  s y n t h e t i c  s e a w a te r  w i t h  one 
l i t e r  d i s t i l l e d  w a t e r .  S in c e  w a te r  sa m p le s  were t a k e n  fro m  
th e  G r e a t  Bay e s t u a r i n e  com plex , t h e  f u l l - s t r e n g t h  s y n t h e t i c  
s e a w a te r  was p r e p a r e d  t o  75 % f u l l  s t r e n g t h  t o  a p p ro x im a te  th e  
s a l i n i t y  o f  t h e  e s t u a r y  and e n h an ce  c o lo n y  e n u m e ra t io n  (Z o B e l l ,  
1941, 1 9 4 6 ) .  The 75 % f u l l - s t r e n g t h  Seven  S e a s  m ar in e  
s y n t h e t i c  s e a w a te r  h a d  th e  f o l lo w in g  c h e m ic a l  c o m p o s i t io n  ( i n  
g / l i t e r ) :  NaCl, 1 8 .0 ;  MgSO^*7H20 ,  4 .5 ;  Mg02 *6H20, 3*575; KC1,
0 .4 5 ;  CaCl2 , 0 .3 ;  KNO^, 0 .0 8 2 5 ;  N a ^ i O ^ ^ O ,  0 .01875 ; Kf^PO^,
0 .0 1 5 ;  F e C l j , 0 .0 0 0 7 5 ;  ZnCl2 , 0 .0 000 375 ; CoCl2 , 0 .0 0 0 0 0 0 7 ;  
H^BO^, 0 . 0000003 ; and  a one ml s o l u t i o n  c o n ta in i n g  ( i n  g /  
l i t e r ) :  B r ,  0 .0 4 8 7 5 ;  S r ,  0 .0 0 9 7 5 ;  I ,  0 .0 0 0 0 3 7 5 ;  F , 0 .0 0 0 0 0 7 5 ;
T r i s  b u f f e r ,  0 .0 0 3 7 5 ,  pH 7*6* The 75 % f u l l - s t r e n g t h  s y n t h e t i c  
s e a w a te r  had  a s a l i n i t y  o f  26 -  1 p p t  when p r e p a re d  b y  a d d in g  
32 .11  g Seven S eas  m a r in e  s y n t h e t i c  s e a w a te r  w ith  one l i t e r  of 
d i s t i l l e d  w a te r .  Na and Cl r e p r e s e n t e d  7 0 .8  % of t h e  2 6  p p t  
t o t a l  s a l i n i t y .  The m o l a r i t y  o f  NaCl o f  Seven  Seas f o r m u l a t i o n  
of s a l i n i t y  26 p p t  was 0 .3 5  M*
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Lyman a n d  F lem ing  (L  and F) s y n t h e t i c  s e a w a te r  (1940) 
w as u se d  f o r  t h e  p u re  c u l t u r e  s t u d i e s  s in c e  i t s  c o n s t i t u e n t s  
w e re  r e a g e n t  g r a d e  c h e m ic a l s  w hich c o u ld  be w eighed  a c c u r a t e l y ,  
a n d  r e p r o d u c i b l y .  I t  h ad  t h e  f o l l o w in g  ch em ic a l  c o m p o s i t io n  
( i n  g / l i t e r ) :  NaCl, 2 3 .4 7 6 ;  NgCl2*6H20, 1 0 .6 5 4 ;  ^2 * 3 0 ^ ,
3 .9 1 7 ;  CaCl2 , 1 .1 0 2 ;  KC1, 0 .6 6 4 ;  NaHCO^., 0 .1 9 2 ;  KBr, 0 .0 9 6 ;  
S r C l g ’ OI^O, 0 .0 4 0 ;  H^BO^, 0 .0 2 6 ;  NaF, 0 .0 0 3 .  The s y n t h e t i c  
s e a w a t e r  h a d  a s a l i n i t y  o f  34 .478  -  0 .1 0 0  p p t  when b ro u g h t  
t o  one l i t e r  w i t h  d i s t i l l e d  w a te r .  Lyman and F le m in g  s y n t h e t i c  
s e a w a t e r  was p r e p a r e d  a t  75 % f u l l  s t r e n g t h  t o  p r o v i d e  a 
s a l i n i t y  a p p ro x im a t in g  t h a t  o f  th e  n a t u r a l  e n v i r o n m e n t . The 
75 % f u l l - s t r e n g t h  L and F s y n t h e t i c  s e a w a te r  h ad  t h e  
f o l l o w i n g  c h e m ic a l  c o m p o s i t io n  ( i n  g / l i t e r ) :  N aC l, 17 -706 ;
MgCl2 *6H20, 7 - 9 7 6 ;  N a ^ O ^ ,  2 .9 3 8 ;  C a C ^ ,  0 .8 2 7 ;  KOI, 0 .4 9 8 ;  
NaHCOj, 0 .1 4 4 ;  KBr, 0 .0 7 2 ;  S rC l2 *6H2 0 ,  0 .0 3 0 ;  H^BO^, 0 .0 2 0 ;
N aF, 0 .0 0 2 2 5 . T h is  L and F s y n t h e t i c  s e a w a te r  h a d  a  s a l i n i t y  
o f  26 -  1 p p t  when b ro u g h t  t o  one l i t e r  w i th  d i s t i l l e d  w a t e r .
Na and Cl r e p r e s e n t e d  8 5 .3  % o f  t h e  26 p p t  t o t a l  s a l i n i t y .
T he m o l a r i t y  o f  NaCl i n  t h e  L and F s y n t h e t i c  s e a w a te r  o f  
s a l i n i t y  26 p p t  was 0 .3 7  M. NaCl c o m p r ise d  85*7 % by  w e ig h t  
o f  t h e  d i s s o l v e d  s o l i d s  i n  n a t u r a l  s e a w a te r .  The m o l a r i t y  o f  
NaCl e s t u a r i n e  w a te r  o f  s a l i n i t y  o f  26  p p t  was 0 .3 5  M 
( S v e rd ru p  e t  a l . ,  1 9 4 2 ) .
F o r  t h e  p u rp o se  o f  w ash ing  b a c t e r i a l  c e l l s ,  L and  F 
s y n t h e t i c  s e a w a t e r  (26  p p t )  was u s e d .  C e l l s  grown i n  medium 
c o n t a i n i n g  l e s s  NaCl t h a n  L and F s y n t h e t i c  s e a w a te r  were 
w ashed  i n  t h e  s y n t h e t i c  s e a w a te r  made i s o t o n i c  t o  t h e  c u l t u r e
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medium w i th  NaCl ( w / v ) .  F o r  d r y  w e ig h t  d e t e r m i n a t i o n s ,  th e  
b a c t e r i a l  c e l l s  w ere  w ashed i n  L and F s y n t h e t i c  s e a w a te r  made 
i s o t o n i c  t o  t h e  c u l t u r e  medium w i th  1 .0 9 7  M g l y c e r o l  t o  remove 
e x c e s s  e x t r a c e l l u l a r  NaCl (MacLeod and O n o f re y ,  1 9 5 0 ) .
3 . M ed ia .
F o r  t h e  e c o l o g i c a l  s t u d i e s ,  two s e a w a te r  m ed ia  were 
em ployed; m o d i f ie d  2216E b a s e d  on t h a t  o f  Oppenheim er and  
Z oB ell (1 9 5 2 )  and m o d i f ie d  M acL eod 's  N a - d e f i c i e n t  medium 
b a s e d  on t h a t  o f  MacLeod (1 9 6 8 ) .
M o d if ie d  2216E (S e v en  S e a s )
B a c to -P e p to n e  (D ifc o )  1 . 0  g
B a c to -Y e a s t  E x t r a c t  ( D i f c o )  1 . 0  g
Seven S eas  M arine  S y n t h e t i c  S e a w a te r  (26  p p t )  1000 ml 
pH 7*4 -  7*6
When a g a r  was em ployed, 16 g / l i t e r  o f  B a c to -A g a r  
(D i f c o )  was a d d ed .  The medium c o n s t i t u e n t s  were h e a t e d  u n t i l  
d i s s o l v e d  and  a u to c la v e d  a t  121 C f o r  15 m in . The pH o f  th e  
c o o le d  medium was a d j u s t e d ,  when n e c e s s a r y ,  w i th  e i t h e r  s t e r i l e  
6 N NaOH o r  HC1 t o  7*4 -  0 .2  e l e c t r o m e t r i c a l l y .
M o d if ie d  M acL eod 's  N a - D e f ic i e n t  Medium
C a s e in  h y d r o l y z a t e  ( N u t r i t i o n a l  B io c h e m ic a l  C o rp .) 1 .0 g
L - t r y p to p h a n  ( F i s h e r  S c i .  C o .) 0 .0 3 g
G lucose  ( F i s h e r  S c i .  C o .) 1 . 0 g
p -a m in o b e n z o ic  a c i d  ( F i s h e r  S c i .  C o .) 0 .0 0 1 g
N ia c in  ( N u t r i t i o n a l  B io c h e m ic a l  C o rp .) 0 .0 0 1 g
P a n t o th e n i c  a c i d  (S igm a Chem. C o . ,  S t .  L o u i s ,  Mo.) 0 .0 0 1 g
(C o n t in u e d )
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M o d if ie d  MacLeod’ s N a - D e f ic i e n t  Medium ( C o n t . )
Pyridoxal (K and K Lab., P la inview , N• Y.) 0.001 g
Thiamine (K and K Lab.) 0.001 g
B io tin  (Sigma Chem. Co.) 0.00001 g
Cobalamine (Sigma Chem. Co.) 0.00001 g
F o lic  ac id  (Calbiochem., Los Angeles, C a l i f . ) 0.00001 g
Special Agar (N oble)(D ifco) 16.0 g
KC1 (F isher) 0 .745 g
MgSO^^HgO (F isher) 6 .0 g
CaCl2 (F isher) 1.11 g
D is t i l l e d  water 1000 ml
T ris b u f fe r ,  pH 7*5 (F isher) 6 .0 g
pH 7.4- -  7 .6
The medium co n s t itu e n ts  were heated u n t i l d isso lv ed  :and
a u to c la v e d  a t  121 C f o r  15 m in .  The pH o f  t h e  c o o le d  medium 
was a d j u s t e d ,  when n e c e s s a r y ,  w i th  s t e r i l e  6 N NH^OH t o  7»4 -
0 .2  e l e c t r o m e t r i c a l l y .  The s a l t  c o n c e n t r a t i o n  o f  t h e  medium 
a s  d e te rm in e d  w i th  a c o n d u c t i v i t y  m e te r  ( C r y s t a l a h . , H a r t f o r d ,  
C onn.) was 0 .0 0 0 2  M.
F o r  t h e  p u re  c u l t u r e  s t u d i e s ,  two s e a w a te r  m ed ia  were 
em ployed; m o d i f ie d  2216E b a s e d  on t h a t  o f  Oppenheim er and 
ZoBell (1 9 5 2 )  and  g lu c o s e  s e a w a te r  medium.
M o d if ied  2216E (L and F) 
B a c to -P e p to n e  (D ifc o )
B a c to -Y e a s t  E x t r a c t  ( D i f c o )









When a g a r  was e m p lo y ed , 16 g / l i t e r  o f  B a c to -A g a r  
( D i f c o )  was a d d e d .  The medium c o n s t i t u e n t s  w ere  s o l u b i l i z e d  
b y  h e a t i n g  and a u t o c l a v e d  a t  121 C f o r  15 m in . The pH o f  t h e  
c o o le d  medium w as a d j u s t e d ,  when n e c e s s a r y ,  w i th  e i t h e r  
s t e r i l e  6 N NaOH o r  HG1 t o  7 . 4  -  0 .2  e l e c t r o m e t r i c a l l y .
G lu c o se  S e a w a te r  Medium
G lu c o se  ( F i s h e r  S c i .  C o .) 1 .0 g
L - g lu ta m ic  a c i d  ( N u t r i t i o n a l  B io c h e m ic a l  C o rp . ) 0 .5 g
NH4H2P0^ ( F i s h e r ) 0 .0 5 g
I^HPO^ ( F i s h e r ) 0 .0 5 g
T r i s  b u f f e r ,  pH 7 - 5  ( F i s h e r ) 2 .0 g
L and  F s y n t h e t i c  s e a w a t e r  (26  p p t ) 1000 ml
pH 7 .4  - 7 . 6
A d ju s tm e n t  o f  pH, when n e c e s s a r y ,  was done  a f t e r  a u t o -
c l a v i n g  a t  121 C f o r  15 m in  w i th  e i t h e r  s t e r i l e  6 N NaOH o r  
HC1 t o  7 - 4  -  0 . 2  e l e c t r o m e t r i c a l l y .
4 .  G la s s w a r e .
G la s s w a re  was w ashed tw ic e  w i t h  H e ik l  d e t e r g e n t  
( H e in ic k e  C o r p . )  i n  a g l a s s w a r e  w a s h e r  (H e in ic k e  C o rp .)  
em ploy ing  a d i s t i l l e d  w a t e r  r i n s e  o f  1 . 5  m in . F o r  some 
e x p e r im e n t s ,  g l a s s w a r e ,  a f t e r  w a sh in g  and s o a k in g  i n  a 
c o n c e n t r a t e d  ^ S O ^  -  HNO^ (5 0  % v / v )  a c i d  b a t h  o v e r n i g h t ,  
was r i n s e d  r e p e a t e d l y  w i t h  s i n g l e  d i s t i l l e d  w a t e r  f o l lo w e d  
by  two d o u b le  d i s t i l l e d  w a t e r  r i n s e s .  G la ssw are  was a i r -  
d r i e d  and s t o p p e r e d  w i th  aluminum f o i l .
37
5 . S a l t  A d d i t i o n .
NaCl a d d i t i o n  was made on a w e ig h t  t o  volum e (w /v) 
b a s i s .  The t o t a l  amount o f  NaCl i n  t h e  medium o r  t h e  amount 
su p p lem en ted  t o  t h e  medium was e x p re s s e d  a s  m o l a r i t y .  The 
s a l t ( s )  was added  p r i o r  t o  t h e  a d d i t i o n  o f  n u t r i e n t s  and 
s t e r i l i z a t i o n .  I n  e x p e r im e n ts  i n v o lv i n g  s t r e s s i n g  a  g row ing 
c u l t u r e  w i th  NaCl, t h e  s a l t  was added  on a  w e ig h t  t o  volume 
b a s i s  t o  an  a l i q u o t  w i th  t h e  amount added  e x p r e s s e d  a s  m o l a r i t y .
No g ro w th  o c c u r r e d  i n  a  N a C l - d e le t e d  g lu c o s e  s e a w a te r  
medium i n  w hich  NaCl was p r e s e n t  a s  a  c o n ta m in a n t .  F o r  t h i s  
r e a s o n ,  th e  NaCl c o n c e n t r a t i o n  i n  t h e  medium and m o d i f ie d  
2216E (L and F )  medium was e x p re s s e d  a s  t h e  s a l t  N aC l, 0 .3 0  M, 
a t  26 p p t  s a l i n i t y .
B. M a in te n an c e  and P r e p a r a t i o n  o f  S t a n d a r d  In ocu lum  of 
H a l o t o l e r a n t  I s o l a t e  C - l .
1 .  M a in te n an c e  o f  C u l t u r e .
S to ck  c u l t u r e s  o f  t h e  h a l o t o l e r a n t  m ar in e  i s o l a t e  C - l ,  
w ere  m a in ta in e d  on s l a n t s  o f  m o d i f ie d  2216E (L and F) a g a r  
medium. The c u l t u r e s  w ere  t r a n s f e r r e d  t o  f r e s h  s l a n t s  ev e ry  
6 - 8  w eeks, i n c u b a te d  a t  20 C f o r  48  h and p l a c e d  i n  4 -6  C 
f o r  s t o r a g e .  P ro lo n g e d  p r e s e r v a t i o n  o f  t h e  o rg an ism  was 
a cc o m p lish e d  b y  a d d in g  d im e th y l  s u l f o x i d e  ( f i n a l  c o n c e n t r a t i o n  
10 °/o) t o  m id - l o g a r i t h m i c  c e l l s ,  and s u b s e q u e n t ly  f r e e z i n g  t h e  
s u s p e n s io n  i n  s t e r i l e  sc re w -c a p p e d  t e s t  t u b e s  a t  - 9 0  C (Manual 
o f  M i c r o b io l o g i c a l  M ethods, 1957)*
C u l tu r e s  o f  A r t h r o b a c t e r  m a r in u s  (ATCC 2 5 3 7 4 ) ,  
Pseudom onas c u p r o d u r a n s , Pseudom onas s p .  130 , and A lte ro m o n as
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m a r in o p r a e s e n s  o b t a i n e d  from  t h e  s to c k  c u l t u r e  c o l l e c t i o n  o f  
t h e  D epartm en t o f  M ic r o b io lo g y ,  U n i v e r s i t y  o f  New H am psh ire , 
Durham, New H am p sh ire ,  were i n v e s t i g a t e d  f o r  NaCl s t r e s s .  A l l  
c u l t u r e s  were s p r e a d  o n to  m o d i f i e d  221GE (L  and  F )  a g a r  medium 
and d e te rm in e d  t o  be  p u r e .
2 .  In o c u lu m .
The s t a n d a r d  inocu lum  was p ro d u c e d  from  24 h  c u l t u r e s
grown a t  20 C on s l a n t s  o f  m o d i f i e d  2216E (L and F) a g a r
medium. A l o o p f u l  o f  t h e  c u l t u r e  was i n o c u l a t e d  i n t o  50 ml
o f  s t e r i l e  m o d if ie d  2216E (L and F) medium i n  a  125 nil
E r le n m e y e r  f l a s k ,  and  i n c u b a te d  a t  20 C a t  200 rpm on a New
B runsw ick  g y r o to r y  sh a k in g  m ach in e  Model G -33, o r  i n  a
C o n t r o l l e d  E n v iro n m e n ta lP s y c h ro th e rm  i n c u b a t o r - s h a k i n g  m a c h in e ,
Model G -26 , New B run sw ick  S c i .  Co. A t  a n  o p t i c a l  d e n s i t y  o f
1 .5 0  -  1 .5 5 ig r o w th  was h a r v e s t e d .  O p t i c a l  d e n s i t y  m easu rem en ts
were p e r fo rm e d  i n  a  Bausch  and  Lomb S p e c t r o n ic  20 c o l o r i m e t e r
a t  420 nm). F l a s k s  c o n t a i n i n g  100 ml o f  s t e r i l e  t e s t  medium
were i n o c u l a t e d  w i th  1 .0  ml o f  t h e  c u l t u r e  washed tw ic e  i n  50
ml o f  L and F s y n t h e t i c  s e a w a t e r .  The i n i t i a l  c o n c e n t r a t i o n
n
o f  c e l l s  i n  th e  f l a s k s  was 1 t o  3 x 1 0 f c e l l s / m l .
C. P h o to m ic ro g ra p h y  o f  H a l o t o l e r a n t  I s o l a t e  C - l .
1 .  P h a s e  C o n t r a s t  M ic ro sc o p y .
P h o to m ic ro g ra p h s  w ere  t a k e n  w i th  a 35 mm cam era 
( R e i c h e r t )  a t t a c h e d  t o  a Z e i s s  WL R e s e a rc h  M ic ro sco p e  ( C a r l  
Z e i s s ) .  The c e l l s  w ere  p r e p a r e d  a s  wet m o u n ts ,  f i x e d  w i th  
10 % f o r m a l i n  ( f i n a l  c o n c e n t r a t i o n ) .  C e l l s  w ere  o b se rv e d
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u n d e r  1000X p h a s e  c o n t r a s t  w i t h  p h o t o g r a p h s  t a k e n  on Kodak 
T r i -X  f i l m  a t  a  q u a r t e r  o f  a  s e c  e x p o s u r e .
2 .  T r a n s m i s s i o n  E l e c t r o n  M ic r o s c o p y ,
a .  N e g a t i v e  S t a i n  and Shadow C a s t .
P o r t i o n s  (100 ml)  o f  m o d i f i e d  2216E (L and  F) medium 
and t h e  medium su p p le m e n te d  w i t h  NaCl c o n c e n t r a t i o n s  r a n g i n g  
from 0 . 0  t o  3.4-5 M were added t o  250 ml E r le n m e y e r  f l a s k s  and 
a u t o c l a v e d  a t  121 C f o r  15 m in .  Upon c o o l i n g ,  t h e  pH was 
a d j u s t e d  t o  7.4- -  7 - 6  and i n o c u l a t e d  w i t h  1 . 0  ml o f  t h e  
s t a n d a r d  in o c u lu m .  F l a s k s  were  i n c u b a t e d  a t  20 C and 200 rpm. 
C e l l s  were  h a r v e s t e d  from t h e  medium a t  t h e  l a t e  l o g a r i t h m i c  
p h a se  o f  g ro w th  by  c e n t r i f u g a t i o n  a t  1 0 ,0 0 0  x g f o r  15 min a t
4- C i n  a S o r v a l l  RC-2B C e n t r i f u g e  ( S o r v a l l  I n c . ,  C o n n . ) .
C e l l s  were  washed t w i c e  i n  5 ml o f  s y n t h e t i c  s e a w a t e r  made 
i s o t o n i c  t o  t h e  c u l t u r e  medium w i t h  2 . 6  M NH^ 0 2 ^ 0 ^ and 
c o n t a i n i n g  0 . 1  % b o v i n e  serum a lb u m in .  One d ro p  o f  c e l l  
s u s p e n s i o n  was p l a c e d  on F o r m v a r -c a r b o n  c o a t e d ,  300-mesh 
g r i d s  (Ladd R e s e a r c h  I n d . ,  V t . )  f o r  one m in .  E x c e s s  m a t e r i a l  
was removed w i t h  Whatman #1 f i l t e r  p a p e r  (W & R B a l s t o n  L t d . , 
E n g la n d ) .  One drop  o f  0 . 5  % N a - p h o s p h o t u n g s t a t e  s o l u t i o n  was 
p l a c e d  on t h e  g r i d s  f o r  5 sec  and  e x c e s s  s o l u t i o n  im m e d ia te ly  
removed w i t h  t h e  f i l t e r  p a p e r  ( H a y a t ,  1 9 7 0 ) .  G r i d s  were  
m a i n t a i n e d  u n d e r  vacuum i n  a d e s i c c a t o r  a t  20 C u n t i l  examina­
t i o n  u s i n g  a P h i l i p s  T r a n s m i s s i o n  E l e c t r o n  M ic ro scop e  (Model 
2 0 0 ) .  C e l l s  on g r i d s  were  shadow c a s t  u s i n g  p l a t i n u m  m e ta l  a t  
an  a n g le  o f  30 d e g r e e s  and 25 A t h i c k n e s s .
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b .  T h in  S e c t io n s  o f  Whole C e l l s  a n d  C e l l  Envelopes.
C e l l s  were  h a r v e s t e d  a t  l a t e  l o g a r i t h m i c  p h a s e  o f  
g row th  b y  c e n t r i f u g a t i o n  a t  1 0 ,0 0 0  x  g f o r  15 min  a t  4  C and 
washed t w i c e  i n  10 ml o f  L and F s y n t h e t i c  s e a w a t e r  made 
i s o t o n i c  w i t h  r e s p e c t  t o  t h e  c u l t u r e  medium w i t h  NaCl ( w / v ) .  
The p e l l e t s  were  r e s u s p e n d e d  i n  5 ml o f  t h e  r e s p e c t i v e  
i s o t o n i c  L and F s o l u t i o n s .
C e l l  e n v e l o p e s  were  p r e p a r e d  by  a m o d i f i c a t i o n  o f  t h e  
method o f  DeVoe and O g insky  (1969  b ) .  The washed c e l l s  were 
p l a c e d  i n  s t a i n l e s s  s t e e l  t u b e s ,  2 / 3  f u l l  o f  a c i d - c l e a n e d  
g l a s s  b e a d s ,  and sh a k en  i n  a N o s s a l  C e l l  D i s i n t e g r a t o r  
( P e e r l e s s  E l e c t r i c  C o . ,  W arren ,  O h i o ) .  S h a k in g  was i n  20 sec 
b u r s t s  f o l l o w e d  by  im m ers io n  i n  a n  i c e  b a t h  f o r  3 m in .  T h is  
p r o c e d u r e  was r e p e a t e d  u n t i l  e x a m i n a t i o n  by  p h a s e  m ic ro s c o p y  
r e v e a l e d  90 -  95 % b r o k e n  c e l l s .  The g l a s s  b e a d s  were a l l o w e d  
t o  s e t t l e  and t h e  s u p e r n a t a n t  f l u i d s  a l o n g  w i t h  two w a sh in g s  
o f  t h e  g l a s s  b e a d s  were c e n t r i f u g e d  a t  1475 x  g f o r  20 m in  to  
remove u n b ro k e n  c e l l s .  The c l o u d y  s u p e r n a t e s  were  c e n t r i f u g e d  
f o r  20 min a t  1 4 ,5 0 0  x  g t o  c o l l e c t  c e l l  e n v e l o p e s  and washed 
t w i c e  i n  5 ml o f  t h e  r e s p e c t i v e  i s o t o n i c  s y n t h e t i c  s e a w a t e r  
s o l u t i o n s .
Whole c e l l s  and c e l l  e n v e l o p e s  w ere  f i x e d  and t h i n  
s e c t i o n e d  u t i l i z i n g  t h e  f o l l o w i n g  p r o c e d u r e .  Whole c e l l s  and 
c e l l  e n v e lo p e  s u s p e n s i o n s  were  c e n t r i f u g e d  a t  1 5 ,0 0 0  x g f o r  
15 min ,  r e s u s p e n d e d  i n  2 ml o f  t h e  r e s p e c t i v e  i s o t o n i c  L and F 
s y n t h e t i c  s e a w a t e r  c o n t a i n i n g  0 . 7 6  % r e d i s t i l l e d  g l u t a r a l d e -  
hyde (E as tm an  Chemical  C o . ,  R o c h e s t e r ,  N .Y . )  and  a l l o w e d  t o
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f i x  f o r  3 h  a t  6 C. The p a r t i a l l y  f i x e d  c e l l s  were  c e n t r i f u g e d  
a t  1 0 ,0 0 0  x  g f o r  10 m in ,  a t  4  C, washed t w i c e  w i t h  t h e  
i s o t o n i c  L and  F s o l u t i o n s  and embedded i n  1 . 0  % l o n a g a r  No.
2 (Oxoid)  p r e p a r e d  i n  L and F 26 p p t  s y n t h e t i c  s e a w a t e r .
The l o n a g a r  was washed t w i c e  i n  0 . 1  M c a c o d y l a t e - s u c r o s e  
s o l u t i o n .  The embedded m a t e r i a l  was c u t  i n t o  1 -2  mnr b l o c k s  
and p l a c e d  o v e r n i g h t  i n  1 . 0  % osm ic  a c i d  i n  V e r o n a l  b u f f e r  
pH 6 . 1  ( R y t e r  and K e l l e n b e r g e r , 1958) p r e p a r e d  w i t h  26  p p t  
s y n t h e t i c  s e a w a t e r .  The b l o c k s  w ere  washed t w i c e  f o r  30 min 
p e r i o d s  i n  t h e  V e ro n a l  b u f f e r ,  t h e n  p l a c e d  i n  0 . 5  % u r a n y l  
a c e t a t e  ( F i s h e r  C o . ,  M edfo rd ,  M a s s . )  p r e p a r e d  i n  26 p p t  
s y n t h e t i c  s e a w a t e r  f o r  2 h a t  6 C. A f t e r  two more w ash in g s  
i n  t h e  V e ro n a l  b u f f e r ,  t h e  embedded m a t e r i a l  was d e h y d r a t e d  
t h r o u g h  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  5 0 , 7 0 , 9 0 , 9 5 ,  and 
100 % e t h y l  a l c o h o l  f o r  30 min p e r i o d s  i n  a n  i c e  b a t h .  The 
a b s o l u t e  a l c o h o l  was changed  t w i c e  t o  a s s u r e  c o m p le te  
d e h y d r a t i o n .
The d e h y d r a t e d  m a t e r i a l  was p l a c e d  i n  p r o p y l e n e  o x id e  
w i t h  two c h a n g e s  f o r  10 min .  Each b l o c k  was p l a c e d  o v e r n i g h t  
a t  20 C i n  p r o p y l e n e  o x i d e : e p o n  m i x t u r e ( 1 : 1 )  i n  a n  open  v i a l .  
The epon m i x t u r e  was p r e p a r e d  f ro m  eq ua l  vo lum es  o f  a m i x t u r e  
A and B, p l u s  0 . 1 4  ml o f  2 ,  4 ,  6 - t r i  ( d im e th y la m in o m e th y l )  
p h e n o l ,  (DMP-30) (Ladd R e s e a r c h  I n d . ,  B u r l i n g t o n ,  V t . ) .
M ix tu r e  A was p r e p a r e d  w i t h  40  g Epon r e s i n  812 (L add)  and 
44 g d o d e c e n y l s u c c i n i c  a n h y d r i d e  (DDSA) ( L a d d ) .  M ix tu r e  B 
was composed o f  50 g Epon r e s i n  812 and 37 g n a d i c  m e th y l  
a n h y d r i d e  (NMA) ( L a d d ) .  The i n f i l t r a t e d  a g a r  b l o c k s  were
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t r a n s f e r r e d ,  t o  t h e  c o m p le te  r e s i n  m i x t u r e  and s t o r e d  o v e r n i g h t  
a t  20 C. The a g a r  b l o c k s  were  p l a c e d  i n t o  empty Beem c a p s u l e s  
(Ladd)  and f i l l e d  w i t h  t h e  co m p le te  r e s i n  m i x t u r e .  The 
c a p s u l e s  were p l a c e d  i n  a 60 C oven f o r  48  -  72 h f o r  
p o l y m e r i z a t i o n .  Upon r e t u r n i n g  t o  20 C, t h e  c a p s u l e s  were 
p l a c e d  i n  a  d e s i c c a t o r  f o r  24 -  48 h .
The b l o c k s  were s e c t i o n e d  u s i n g  a P o r t e r - B l u m  Model 
MT-2 M icrotome ( S o r v a l l ,  I n c . ,  N o r f a l k ,  Conn.)  a n d  p o s t ­
s t a i n e d  w i t h  l e a d  c i t r a t e  and u r a n y l  a c e t a t e  ( H a y a t ,  1970) .
3. S c a n n in g  E l e c t r o n  M ic r o s c o p y .
C e l l s  were  washed and f i x e d  i n  t h e  0 .7 6  % g l u t a r a l -
d e h y d e - s e a w a t e r  s o l u t i o n .  The f i x e d  c e l l s  were  washed t w i c e
i n  t h e  i s o t o n i c  s y n t h e t i c  s e a w a t e r  s o l u t i o n s ,  p l a c e d  on c l e a n  
222 mm g l a s s  c o v e r s l i p s ,  a i r  d r i e d ,  and d e h y d r a t e d  th r o u g h  
i n c r e a s i n g  c o n c e n t r a t i o n s  o f  5 0 , 7 0 ,  9 0 ,  95) and 100 % e t h y l  
a l c o h o l  f o r  15 min  p e r i o d s  i n  an  i c e  b a t h .  The c o v e r s l i p s  
were p l a c e d  i n  amyl a c e t a t e  f o r  15 m in  and c r i t i c a l  p o i n t  
d r i e d  ( B r o e r s  et_ a l . ,  1 9 7 5 ) .  The d r i e d  sp ec im ens  were p l a t e d  
(Pd-Au 4 0 : 6 0 )  and examined u s i n g  an  AMR-1000A S c a n n in g  
E l e c t r o n  M ic r o s c o p e .
D. I d e n t i f i c a t i o n  o f  H a l o t o l e r a n t  I s o l a t e  C - l .
C u l t u r a l  c h a r a c t e r i s t i c s  o f  t h e  h a l o t o l e r a n t  b a c t e r i u m  
were d e t e r m i n e d  u s i n g  t h e  c r i t e r i a  a p p e a r i n g  i n  C o lw e l l  and 
Wiebe ( 1 9 7 0 ) ,  M eyne l l  and M eynel l  ( 1 9 7 0 ) ,  Skerman (1 9 6 7 ) ,  and  
t h e  Manual o f  M i c r o b i o l o g i c a l  Methods (1957)*  Media  were 
p r e p a r e d  w i t h  L and F 26 p p t  s y n t h e t i c  s e a w a t e r  w i t h  
s u p p l e m e n ta l  NaCl c o n c e n t r a t i o n s  r a n g i n g  from 0 . 0  t o  3 .^ 5  M
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and i n c u b a t e d  a t  20 C. C u l t u r a l  c h a r a c t e r i s t i c s  were  p e r f o r m e d  
on C - l  a t  s u p p l e m e n ta l  NaCl c o n c e n t r a t i o n s  t o  c o n f i r m  t h e  
i d e n t i t y  o f  t h e  b a c t e r i u m  and t h e  p u r i t y  o f  t h e  c u l t u r e .  The 
f o l l o w i n g  s t a i n s  w ere  p r e p a r e d  a c c o r d i n g  t o  M e y n e l l  and 
M eyne l l  ( 1 9 7 0 ) .
A c i d - f a s t  s t a i n :  b y  C a rb o l  F u c h s i n .
C ap su le  s t a i n :  by  I n d i a n  i n k .
F a t  s t a i n :  by  Sudan B l a c k .
F l a g e l l u m  s t a i n :  by  L e i f s o n  F l a g e l l a  s t a i n .
Gram s t a i n ;  by  Hucker  m o d i f i c a t i o n .
Spore  s t a i n :  by  M a l a c h i t e  g r e e n .
Media u s e d  f o r  g r o w th  c h a r a c t e r i s t i c s  w e re :
E x t r a c t  Agar  (BBL), E x t r a c t  B r o t h  (BBL), m o d i f i e d  
2216E b r o t h ,  and m o d i f i e d  2216E a g a r  medium were p r e p a r e d  
w i t h  26 p p t  L and F s y n t h e t i c  s e a w a t e r .  B a c to - M a r in e  Agar 
2216 ( D i f c o )  was p r e p a r e d  i n  d i s t i l l e d  w a t e r .
The f o l l o w i n g  c u l t u r a l  c h a r a c t e r i s t i c s  were  d e t e r m i n e d  u s i n g  
t h e  c r i t e r i a  s e t  f o r t h  i n  Skerman ( 1 9 6 7 ) .
I n d o l e  p r o d u c t i o n  was d e t e r m i n e d  by c u l t i v a t i o n  i n  T r y p t i c a s e  
Soy B r o t h  (^BL ) •  I n d o l e  was t e s t e d  f o r  b y  K o v a c ' s  
r e a g e n t  ( 1 . 0 %  p a r a - d i m e t h y l a m i n o b e n z a l d e h y d e ,  82 % 
b u t y l  a l c o h o l ,  and 17 % c o n c e n t r a t e d  HC1).
Catalase was d e t e r m i n e d  by  t h e  a d d i t i o n  o f  one d ro p  o f  2 %
H2O2 t o  c o lo n y  g ro w th  on m o d i f i e d  2216E (L and  F) 
a g a r  medium
Kovac o x i d a s e  a c t i v i t y  was d e te r m i n e d  b y  s t r e a k i n g  a  l o o p f u l  
o f  g ro w th  f rom m o d i f i e d  2216E (L and  F) a g a r  medium
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o n to  Whatman #1  f i l t e r  p a p e r  (W & R B a l s t o n ,  L t d . ,  
E ng land)  s a t u r a t e d  w i t h  N, N, N, N - t e t r a m e t h y l p a r a -  
p h e n y l - d i a m i n e  HG1.
The f o l l o w i n g  c u l t u r a l  c h a r a c t e r i s t i c s  were  d e t e r m i n e d  u s i n g
t h e  c r i t e r i a  s e t  f o r t h  i n  t h e  Manual o f  M i c r o b i o l o g i c a l  
Methods ( 1 9 5 7 ) .
N i c o t i n e  u t i l i z a t i o n  was d e t e r m i n e d  by  c u l t i v a t i o n  on n i c o t i n e  
a g a r  p r e p a r e d  a c c o r d i n g  t o  S ^u o ro s  ( 1955 ) ;  n i c o t i n e  
(Eastman C o . ,  R o c h e s t e r ,  N . Y . ) ,  0 . 4  %; KHgPO^, 0 . 2  %;KC1, 
0 . 5  %; MgS04 , 0 .0 0 2 5  %; F escV  0 .0 0 2 5  %\ B a c t o - Y e a s t  
E x t r a c t  ( D i f c o ) ,  0 .1  %\ B a c to -A g a r  ( D i f c o ) ,  1 . 5  %•
G e l a t i n  h y d r o l y s i s  was d e t e r m i n e d  by  two t e c h n i q u e s :  (1 )
C u l t i v a t i o n  on E x t r a c t  Agar  (BBL) c o n t a i n i n g  0 . 4  % 
B a c t o - G e l a t i n  ( D i f c o ) .  G e l a t i n  h y d r o l y s i s  was t e s t e d  
f o r  by f l o o d i n g  t h e  p l a t e s  c o n t a i n i n g  c o l o n i e s  w i t h  
15 % a c i d  Hg CI2 s o l u t i o n .  T r a n s p a r e n t  zones  
s u r r o u n d i n g  c o l o n i e s  i n d i c a t e d  g e l a t i n  h y d r o l y s i s .
( 2 )  C u l t i v a t i o n  i n  s t a b  c u l t u r e s  p r e p a r e d  w i t h  
E x t r a c t  B r o t h  c o n t a i n i n g  12 % B a c t o - G e l a t i n  ( D i f c o ) .
S t a r c h  h y d r o l y s i s  was d e t e r m i n e d  on p l a t e s  o f  S t a r c h  Agar
( D i f c o )  by f l o o d i n g  p l a t e s  w i th  i o d i n e  s o l u t i o n  e v e ry  
two days  f o r  12 d a y s .
N i t r a t e  r e d u c t i o n  was d e t e r m i n e d  b y  c u l t i v a t i o n  i n  T r y p t i c a s e  
Soy B ro th  (BBL) c o n t a i n i n g  0 .1  % KNO^. N i t r a t e  was 
t e s t e d  f o r  b y  G r i e s s - I l o s v a y  r e a g e n t .
I ^ S  p r o d u c t i o n  was d e t e r m i n e d  b y  c u l t i v a t i o n  on Lead A c e t a t e
Agar  s l a n t s  ( D i f c o )  and  E x t r a c t  A g a r  (BBL), c o n t a i n i n g
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0 . 1  % c y s t e i n e  and 0 .0 2  °/o FeSO^^HgO. B l a c k e n i n g  
o f  t h e  Lead A c e t a t e  Agar  s l a n t s  i n d i c a t e d  t h e  
p r o d u c t i o n  o f  S^S.
C i t r a t e  u t i l i z a t i o n  was d e t e r m i n e d  by  c u l t i v a t i o n  on Simmons 
C i t r a t e  Medium (BBL) and i n  K o s e r ' s  C i t r a t e  B r o t h  
( D i f c o ) .
U rease  p r o d u c t i o n  was d e t e r m i n e d  b y  c u l t i v a t i o n  i n  B a c to - U r e a  
B r o t h  ( D i f c o ) .  H y d r o l y s i s  o f  u r e a  was t e s t e d  f o r  by  
a pH r i s e  and s u b s e q u e n t  c o l o r  c h a n g e .
Litmus m i l k  r e a c t i o n  was d e t e r m i n e d  by  c u l t i v a t i o n  i n  B a c t o -  
L i tm u s  M ilk  ( D i f c o )  and  brom c r e s o l  p u r p l e  m i l k .
A c e t y l m e t h y l c a r b i n o l  p r o d u c t i o n  was d e t e r m i n e d  b y  c u l t i v a t i o n  
i n  MR-VP Medium (BBL) and  t e s t e d  f o r  b y  B a r i t t s  Method.
Ammonium and  n i t r a t e  u t i l i z a t i o n  a s  s o l e  s o u r c e  o f  n i t r o g e n  
was d e t e r m i n e d  by  c u l t i v a t i o n  i n  m ed ia  composed o f  
g l u c o s e ,  1 . 0  %\ K^HPO^, 0 . 0 0 5  %; and e i t h e r  NH^Cl, 
o r  KNO^, 0 . 1  %.
C r e a t i n i n e  and c r e a t i n e  u t i l i z a t i o n  a s  s o l e  s o u r c e  o f  n i t r o g e n — 
a n d / o r  c a r b o n  was d e t e r m i n e d  by c u l t i v a t i o n  i n  m edia  
p r e p a r e d  a c c o r d i n g  t o  Dubos and M i l l e r  (1 9 5 7 ) ;  I^HPO^, 
0 .0 0 5  and  e i t h e r  c r e a t i n i n e ,  o r  c r e a t i n e ,  0 . 2  %.
F o r  c a rb o n  s o u r c e  u t i l i z a t i o n ,  (U H ^^SO ^,  0 .0 5  % was 
added  t o  t h e  medium.
C a r b o h y d r a t e s  and c a r b o n  compounds a s  s o l e  s o u r c e  o f  c a r b o n  
was d e t e r m i n e d  by  c u l t i v a t i o n  i n  NH^^FO ^,  0 .0 0 5  %\ 
K^HPO^, 0 .0 0 5  %; and e i t h e r  g l u c o s e ,  g l y c e r o l ,  r i b o s e ,  
N a - a c e t a t e ,  N a - l a c t a t e ,  o r  N a - c i t r a t e ,  0 . 5  %•
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C a r b o h y d r a t e  u t i l i z a t i o n  was d e te r m i n e d  b y  c u l t i v a t i o n  i n
B a c t o - P h e n o l  Red B r o t h  ( D i f c o )  w i t h  0 . 5  % c a r b o h y d r a t e  
a s  w e l l  a s  i n  a  s y n t h e t i c  b a s e  medium composed o f  
NH^NO^, 0 . 1  %; K2HP0^, 0 .0 0 2  %; p h e n o l  r e d ,  0 .0 0 2  %; 
a s p a r a g i n e ,  0 .0 0 2  %; and c a r b o h y d r a t e ,  1 . 0  %.
I n v e r t e d  Durham t u b e s  w ere  p l a c e d  i n  t u b e s  c o n t a i n i n g  
b o t h  m ed ia .
C e l l u l o s e  u t i l i z a t i o n  was d e t e r m i n e d  by  c u l t i v a t i o n  on Whatman 
if- 1 f i l t e r  p a p e r  (W & R B a l s t o n ,  L t d . , E n g la n d )  soaked  
i n  a  medium composed o f  NH^NO^, 0 . 1  %\ K^HPO^, 0 .0 2  %; 
an d  a s p a r a g i n e ,  0 .0 0 2  %.
Growth i n  a  n i t r o g e n  f r e e  medium was d e t e r m i n e d  b y  c u l t i v a t i o n  
on A s h b y 's  n i t r o g e n - f r e e  medium p r e p a r e d  w i t h  m a n n i t o l ,
1 . 5  %; ngS04 *6H20,  0 . 0 2  %; K2HF04 , 0 .0 2  %; NaCl, 0 .0 1  °/o\ 
CaS0^*2H20 ,  0 .0 1  %; CaCO^, 0 . 5  %\ and S p e c i a l  Agar 
(N ob le )  ( D i f c o ) ,  1 . 5  %•
T h io t o n e  u t i l i z a t i o n  was d e t e r m i n e d  by  c u l t i v a t i o n  i n  T h io to n e  
b r o t h  p r e p a r e d  a c c o r d i n g  t o  B la n k e n s h i p  and D o e tsch  
( 1 9 6 1 ) j T h io t o n e  (BBL), 0 .1  %; g l u c o s e ,  0 . 2 5  %\ and 
K2HP04 , 0 .2 5  %.
Growth u n d e r  a n a e r o b i c  c o n d i t i o n s  was d e t e r m i n e d  by  c u l t i v a t i o n  
i n  m o d i f i e d  2216E (L and F) medium and on m o d i f i e d  2216E 
(L and F) a g a r  medium i n  a Brewer a n a e r o b i c  j a r  (BBL) 
made a n a e r o b i c  w i t h  a d i s p o s a b l e  C02 g a s - p a k  (BBL).
The f o l l o w i n g  c u l t u r a l  c h a r a c t e r i s t i c s  were  d e t e r m i n e d  u s i n g  
t h e  c r i t e r i a  s e t  f o r t h  i n  C o lw e l l  and Wiebe ( 1 9 7 0 ) .
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The g r o w th  r e s p o n s e  t o  t e m p e r a t u r e  ( 0 - 4 5  C) and pH ( 4 . 0  -  9 . 0 )  
was d e t e r m i n e d  b y  c u l t i v a t i o n  i n  m o d i f i e d  2216E (L and 
F)  medium and on m o d i f i e d  2216E (L and F) a g a r  medium. 
The pH was a d j u s t e d  a f t e r  a u t o c l a v i n g  a t  121 C f o r  15 
min w i t h  e i t h e r  s t e r i l e  6 N HC1 o r  NaOH.
A n t i b i o t i c  r e a c t i o n  was d e te r m i n e d  b y  c u l t i v a t i o n  on m o d i f i e d  
2216E (L and F) a g a r  medium c o n t a i n i n g  s t e r i l e  B a c t o -  
S e n s i t i v i t y  A n t i b i o t i c  D isk s  ( D i f c o ) .  V i b r i o s t a t  
0 /1 2 9  ( p t e r i d i n e )  ( Shewan e t  a l . ,  1954) was u s e d  t o  
d i f f e r e n t i a t e  v i b r i o - t y p e  f rom  pseudom onad- type  
o r g a n i s m s .  Pseudomonads a r e  i n s e n s i t i v e  t o  0 /1 2 9 -  
F l u o r e s c e i n  p r o d u c t i o n  was d e t e r m i n e d  by  c u l t i v a t i o n  on e i t h e r  
Pseudomonad A g ar -F  ( D i f c o )  o r  Pseudomonad A g ar -P  
( D i f c o )  (K ing  e t  a l . ,  1954) u n d e r  u l t r a - v i o l e t  l i g h t  
(#G8TS, G e n e r a l  E l e c t r i c  C o . , and  F8TS-BLB,
W e s t in g h o u se  C o . ) .
N i t r o g e n o u s  m e ta b o l i s m  was d e t e r m i n e d  b y  c u l t i v a t i o n  on a r g i n i n e  
d i h y d r o l a s e  medium 2A p r e p a r e d  a c c o r d i n g  t o  T h o r n l e y  
( i 9 6 0 ) ;  B a c t o - P e p t o n e ,  0 . 1  %; a r g i n i n e  HC1, 1 . 0  %; 
^ H P O ^ ,  0 . 0 3  °/°\ p h e n o l  r e d ,  0 .0 0 1  % and B a c to -A g a r  
( D i f c o ) ,  0 . 3  %• L y s in e  D e c a r b o x y la s e  Medium ( D i f c o )  
was a l s o  u s e d  t o  d e t e r m i n e  n i t r o g e n o u s  m e ta b o l i s m .
Tween 80 u t i l i z a t i o n  was d e t e r m i n e d  b y  c u l t i v a t i o n  on a  medium 
composed o f  B a c t o - Y e a s t  E x t r a c t  ( D i f c o ) ,  0 .1  %; B a c t o -  
P e p to n e  ( D i f c o ) ,  0 . 1  °/o\ Tween 80 ( F i s h e r  C o . ) ,  1 . 0  %; 
and B a c to - A g a r  ( D i f c o ) ,  1 . 5  %•
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P h o s p h a t a s e  p r o d u c t i o n  was d e t e r m i n e d  hy c u l t i v a t i o n  on a 
medium p r e p a r e d  a c c o r d i n g  t o  B a i r d - P a r k e r  ( 1 9 6 3 ) ;  
o f  C a s e i n  h y d r o l y z a t e ,  ( N u t r i t i o n a l  B io c h e m ic a l  C o r p . ) ,
0 .2  B a c t o - B e e f  E x t r a c t  ( D i f c o ) ;  0 .2  fo\ p h e n o l -  
p h t h a l e i n  d i p h o s p h a t e  (Na s a l t ) ,  0 .0 0 0 1  fo\ B a c to -A g a r  
( D i f c o ) ,  1 . 5  P h o s p h a t a s e  p r o d u c t i o n  was t e s t e d  
f o r  by t h e  a p p e a ra n c e  o f  deep p i n k  c o l o n i e s  upon 
e x p o s u r e  t o  one d rop  o f  6 N NH^OH.
A c c u m u la t io n  and  h y d r o l y s i s  o f  p o l y - 8 - h y d r o x y b u t y r a t e  was 
d e t e r m i n e d  by c u l t i v a t i o n  i n  a  c h e m i c a l l y  d e f i n e d  
medium p r e p a r e d  a c c o r d i n g  t o  S t a n i e r  e t  a l . , ( 1 9 6 6 ) ;  
(NH^JgSO^, 0.02JS; KHgPO^, 0 .0 2  KgHPO^, 0 .0 2  
and e i t h e r  D L - B - h y d r o x y b u ty r a t e , 0 . 5  f°\ o r  DL-8- 
h y d r o x y b u t y r a t e ,  0 . 5  and  N a - a c e t a t e ,  0 . 5  %• 
A c c u m u la t io n  o f  p o l y - B - h y d r o x y b u t y r a t e  was t e s t e d  
f o r  w i t h  Sudan  B la c k .
M o la r  p e r c e n t  g u a n in e  p l u s  c y t o s i n e  (GC) o f  DNA was d e t e r m i n e d  
by c u l t i v a t i o n  i n  m o d i f i e d  2216E (L and F) medium 
and  t h e  medium su p p le m e n te d  w i t h  1 . 7 0 ,  2 . 6 0 ,  and
3 . 4 5  M NaCl t o  l a t e  l o g a r i t h m i c  g ro w th  and DNA 
e x t r a c t e d  by t h e  m ethod o f  Marmur ( 1 9 6 1 ) ,  m o d i f i e d  
t o  i n c l u d e  p h e n o l  and  p r e d i g e s t e d  P r o n a s e  
(C a lb io c h e m .  Co.)  t o  i n s u r e  more c o m p le te  p r o t e i n  
r e m o v a l  ( C o lw e l l  and W iebe ,  1 9 7 0 ) .  The GC m ola r  
% was d e te r m in e d  by t h e  methods o f  t h e r m a l  m e l t i n g  
(Marmur and Doty ,  1962) and b u o y a n t  d e n s i t y  ( S c h i l d k r a u t  
e t  a l . . 1 9 6 2 ) .  A p p r e c i a t i o n  i s  e x te n d e d  t o  Dr.  Dean a t
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B r a n d e i s  U n i v e r s i t y  f o r  t h e  d e t e r m i n a t i o n  o f  g u a n in e  
p l u s  c y t o s i n e  m o la r  % u s i n g  t h e  b u o y a n t  d e n s i t y  
t e c h n i q u e .
DNA-DNA h y b r i d i z a t i o n  s t u d i e s  w ere  d e t e r m i n e d  by  c u l t i v a t i o n  
i n  m o d i f i e d  2216E (L  and F) medium and t h i s  medium 
s u p p le m e n te d  w i t h  2 . 6  M NaCl t o  l a t e  l o g a r i t h m i c  
g ro w th  and  e x t r a c t e d  by  t h e  m ethod  o f  Marmur (1961)  
m o d i f i e d  t o  i n c l u d e  p h e n o l  and  P r o n a s e  ( C o l w e l l  and 
W iebe,  1 9 7 0 ) -  L a b e l l e d  DNA was p r e p a r e d  b y  t h e  m ethod  
o f  C i t a r e l l a  and C o l w e l l  (1 9 7 0 )  u s i n g  3 j iG i /m l  
c a r r i e r - f r e e  ^ P O ^  ( T r a c e r l a b  C o . )  ad d ed  t o  t h e
c u l t u r e s  a t  a n  o p t i c a l  d e n s i t y  o f  0 . 1 0 .  U n l a b e l l e d  
DNA was e x t r a c t e d  a l s o  f rom  s i m u l t a n e o u s l y  i n o c u l a t e d  
medium. The DNA-DNA membrane f i l t e r  h y b r i d i z a t i o n  
was p e r f o r m e d  by  t h e  method  d e s c r i b e d  i n  M i l l e r  ( 1 9 7 2 ) .
E. I n v e s t i g a t i o n s  o f  I s o l a t e  C - l  i n  t h e  P r e s e n c e  o f  N aC l .
1 .  R e s p i r a t i o n  E x p e r i m e n t s .
Oxygen u t i l i z a t i o n  was m e a su re d  u s i n g  s t a n d a r d  G i l s o n  
m ethods  o u t l i n e d  i n  U m bre i t  e t  a l .  ( l 9 6 4 ) .  R e s p i r a t i o n  was 
m e a su re d  w i t h  t h e  u s e  o f  t h e  GR-20 G i l s o n  D i f f e r e n t i a l  
r e s p i r o m e t e r  ( G i l s o n  M e d ic a l  E l e c t r o n i c ,  M i lw aukee ,  W i s e . )  
em ploy ing  a  r e c i p r o c a l  s h a k i n g  sp e e d  o f  140 rpm a t  20 C.
C e l l  s u s p e n s i o n s  w ere  p r e p a r e d  b y  a d d in g  100 ml m o d i f i e d  
2216E (L and  F)  medium and s u p p le m e n te d  w i t h  1 . 7 0  and  2 . 6 0  M 
NaCl t o  250 ml E r l e n m e y e r  f l a s k s .  F l a s k s  were  a u t o c l a v e d  a t  
121 C f o r  13 m in ,  pH a d j u s t e d  t o  7 . 4  -  7 * 6 ,  and i n o c u l a t e d  
w i t h  1 . 0  ml o f  t h e  s t a n d a r d  in o c u lu m .  A f t e r  g r o w th  t o  t h e
50
l a t e  l o g a r i t h m i c  p h a s e  a t  20  C and  200  rpm, c e l l s  were  
h a r v e s t e d  "by c e n t r i f u g a t i o n  a t  1 0 ,0 0 0  x  g f o r  15 m in  a t  4  C.
The c e l l  p e l l e t s  w ere  washed  t w i c e  w i t h  15 ml o f  s y n t h e t i c  
s e a w a t e r  made i s o t o n i c  t o  t h e  g ro w th  medium w i t h  NaCl ( w / v ) , 
and  t h e  f i n a l  p e l l e t s  s u s p e n d e d  i n  15 ml o f  L and F s y n t h e t i c  
s e a w a t e r .  The c e l l  s u s p e n s i o n  f rom  m o d i f i e d  2216E medium was 
d i v i d e d  i n t o  a 5 ml and  a 10 ml p o r t i o n :  ( 1 )  The 5 ml p o r t i o n
was c e n t r i f u g e d  once  more a t  1 0 ,0 0 0  x g f o r  15 min a t  4  C and 
r e s u s p e n d e d  i n  5 ml o f  s y n t h e t i c  s e a w a t e r  made i s o t o n i c  t o  t h e  
g r o w th  medium w i t h  1 .0 9 7  M g l y c e r o l .  T h i s  p o r t i o n  was u s e d  
t o  s t u d y  r e s p i r a t o r y  a c t i v i t y  i n  t h e  p r e s e n c e  o f  t o t a l  NaCl 
c o n c e n t r a t i o n s  o f  0 . 0 1 ,  0 . 1 ,  0 . 2 ,  and 0 . 2 5  M. (2 )  The 10 
ml p o r t i o n  was u s e d  t o  s t u d y  r e s p i r a t o r y  a c t i v i t y  i n  t h e  
p r e s e n c e  o f  t o t a l  NaCl c o n c e n t r a t i o n s  r a n g i n g  from 0 . 3  t o
5 .4 5  M.
The f o l l o w i n g  com ponen ts  were  add ed  t o  e a c h  r e s p i r a t i o n  
f l a s k  p r i o r  t o  e q u i l i b r a t i o n  a t  20 C f o r  15 min:  1 . 0  ml o f
c e l l  s u s p e n s i o n  ( i n i t i a l  c o n c e n t r a t i o n ,  3 -  7 x  lO"*"  ^ c e l l s /  
m l ) ,  1 . 0  ml o f  L and F s y n t h e t i c  s e a w a t e r  made i s o t o n i c  t o  
26 p p t  s e a w a t e r  w i t h  1 .0 9 7  M g l y c e r o l ,  1 . 0  ml o f  3 x  c o n c e n ­
t r a t i o n  o f  N a C l - d e l e t e d  m o d i f i e d  2216E medium (a d d e d  t o  t h e  
s i d e - a r m  o f  t h e  f l a s k ) ,  and  0 . 2  ml o f  2 M KOH (a d d e d  t o  t h e  
c e n t e r - w e l l  o f  t h e  f l a s k ) .  P r e - s t e r i l i z e d  NaCl was a d d e d  t o  
each  f l a s k  (w /v )  t o  g i v e  f i n a l  c o n c e n t r a t i o n s  r a n g i n g  from 
0 .0 1  t o  5 .4 5  M a f t e r  15 m in  e q u i l i b r a t i o n .  The e x p e r i m e n t a l  
t i m i n g  was s t a r t e d  w i t h  t h e  a d d i t i o n  o f  m o d i f i e d  2216E medium 
t o  t h e  b a c t e r i a l  s u s p e n s i o n .  Endogenous f l a s k s  c o n t a i n e d  0 . 2
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ml o f  2 M KOH, 2 . 0  ml o f  L and  F s y n t h e t i c  s e a w a t e r , and 1 . 0  
ml o f  c e l l  s u s p e n s i o n  i n  L and  F s e a w a t e r .  T h e rm o b a ro m e te r s  
c o n t a i n e d  3*0 ml o f  L and F s e a w a t e r  and 0 . 2  ml o f  2 M KOH.
R e s p i r a t i o n  r e a d i n g s  w e r e  t a k e n  e v e r y  10 m in  f o r  3 h  
w i t h  d r y  w e i g h t s  d e t e r m i n e d .  D ry  w e ig h t  d e t e r m i n a t i o n s  w e re  
o b t a i n e d  f rom  0 . 3  ml a l i q u o t s  o f  t h e  c e l l  s u s p e n s i o n  t a k e n  
from t h e  r e s p i r a t i o n  f l a s k s  a t  t h e  s t a r t  and  f i n i s h  o f  t h e  
e x p e r i m e n t .  C e l l s  w ere  washed t w i c e  i n  L and F s y n t h e t i c  
s e a w a t e r  made i s o t o n i c  t o  t h e  f l a s k  medium w i t h  1 .0 9 7  M g l y c e r o l  
t o  remove e x c e s s  e x t r a c e l l u l a r  Na.  The washed c e l l  s u s p e n s i o n s  
( 1 . 0  m l)  were  p l a c e d  i n  t a r e d  a luminum w e i g h in g  p a n s  m a i n t a i n e d  
a t  110 C f o r  24 -  48  h  u n t i l  a  c o n s t a n t  d r y  w e i g h t  was o b t a i n e d .
2. T r i p h e n y l  T e t r a z o l i u m  C h l o r i d e  O v e r l a y  T e c h n iq u e  f o r
D e t e r m i n i n g  R e s p i r a t o r y  S u f f i c i e n c y  o r  D e f i c i e n c y  o f  C - l .
The h a l o t o l e r a n t  i s o l a t e  was grown on m o d i f i e d  2216E 
(L and F )  a g a r  medium w i t h  t o t a l  NaCl c o n c e n t r a t i o n s  r a n g i n g  
from 0 . 0 1  t o  3 .7 5  M f o r  10 d a y s  a t  20 C. The r e s u l t i n g  c o l o n i e s  
were o v e r l a y e d  w i t h  0 . 1  % t r i p h e n y l  t e t r a z o l i u m  c h l o r i d e  (TTC) 
i n  e i t h e r  1 . 5  % a g a r  o r  10 % g e l a t i n  and r e i n c u b a t e d  an a d d i ­
t i o n a l  one  h a t  20 C ( L i n d e g r e n  e t  a l . , 1 9 5 8 ) .
The a g a r  and  g e l a t i n  s o l u t i o n s  were  p r e p a r e d  i n  L a n d  
F s y n t h e t i c  s e a w a t e r ,  a u t o c l a v e d  a t  121 C f o r  15 m in ,a n d  
d i s p e n s e d  i n  14 ml am ounts  i n t o  s t e r i l e  t e s t  t u b e s .  TTC was 
p r e p a r e d  s e p a r a t e l y  b y  a d d in g  0 . 8  g o f  TTC t o  100 ml o f  L and  
F s y n t h e t i c  s e a w a t e r  and f i l t e r  s t e r i l i z e d  t h r o u g h  0 . 4 5  |ha 
f i l t e r s  ( M i l l i p o r e  F i l t e r  A p p a r a t u s ,  M i l l i p o r e  C o r p . , B e d f o r d ,  
M a s s . ) .  The c o m p l e t e  o v e r l a y  was p r e p a r e d  b y  a d d i n g  2 . 0  ml
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o f  t h e  0 . 8  % TTC s o l u t i o n  t o  e i t h e r  14 ml o f  50 C m o l t e n  a g a r  
o r  57 0 g e l a t i n .
5.  T hunberg  S t u d i e s .
P o r t i o n s  (100  m l)  o f  m o d i f i e d  2216E (L and  F )  medium
w i t h  t o t a l  NaCl c o n c e n t r a t i o n s  r a n g i n g  f ro m  0 . 0 1  t o  5*75 FI
were ad d ed  t o  250  ml E r le n m e y e r  f l a s k s .  The f l a s k s  w ere
a u t o c l a v e d  a t  121 C f o r  15 min ,  pH a d j u s t e d  t o  7 - 4  -  7 * 6 ,  and
i n o c u l a t e d  w i t h  1 . 0  ml o f  t h e  s t a n d a r d  i n o c u lu m .  F l a s k s  w ere
i n c u b a t e d  a t  20 C and 200 rpm. Upon a t t a i n i n g  t h e  l a t e
l o g a r i t h m i c  p h a s e  o f  g r o w th ,  t h e  c e l l s  w e re  h a r v e s t e d  by
c e n t r i f u g a t i o n  a t  1 0 ,0 0 0  x  g f o r  15 m in  a t  4  C. The c e l l
p e l l e t s  were  washed 3 t i m e s  w i t h  50 ml o f  s y n t h e t i c  s e a w a t e r
made i s o t o n i c  t o  t h e  g r o w t h  medium w i t h  NaCl ( w / v ) .  The f i n a l
p e l l e t s  were  r e s u s p e n d e d  i n  5 ml o f  i s o t o n i c  L an d  F s y n t h e t i c
11s e a w a t e r  s o l u t i o n s  (2  -  3 x  10 c e l l s / m l ) .
TTC, m e t h y l e n e  b l u e  (FIB), and  d i c h l o r o i n d o p h e n o l  (DCIP) 
employed a s  o x i d a t i o n - r e d u c t i o n  d y e s  t o  m e a su re  r a t e s  o f  
e l e c t r o n  t r a n s p o r t  i n  t h e  h a l o t o l e r a n t  i s o l a t e  w e re  p r e p a r e d  
b y  a d d i n g  0 .0 0 3  g o f  t h e  dye t o  100 ml o f  L and F s y n t h e t i c  
s e a w a t e r  made i s o t o n i c  t o  t h e  g ro w th  medium w i t h  NaCl ( w / v ) .
The f o l l o w i n g  com ponen ts  w e re  added  t o  e a c h  T hunberg  
t u b e  p r i o r  t o  e q u i l i b r a t i o n  a t  20  C f o r  20 m in :  1 . 0  ml o f  d ye
( i n i t i a l  c o n c e n t r a t i o n  0 .0 0 0 5  %) 1 . 0  ml o f  0 . 1  FI PO^ b u f f e r ,  
b o t h  p r e p a r e d  i n  t h e  r e s p e c t i v e  i s o t o n i c  L and F s y n t h e t i c  
s e a w a t e r  s o l u t i o n s ,  2 . 0  ml o f  3 x  c o n c e n t r a t i o n  o f  m o d i f i e d  
2216E medium c o n t a i n i n g  t h e  same NaCl c o n c e n t r a t i o n  a s  t h e  
g ro w th  medium ( 0 . 0 1  t o  3 . 7 5  FI), and  2 . 0  ml o f  t h e  washed  c e l l
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s u s p e n s i o n  add ed  t o  t h e  s i d e - a r m  o f  t h e  t u b e .  The t u b e s  w ere  
e v a c u a t e d  b y  u s e  o f  a  vacuum pump f o r  5 m in ,  s e a l e d ,  and  t h e  
e x p e r i m e n t  s t a r t e d  b y  m ix in g  t h e  c e l l  s u s p e n s i o n  w i t h  t h e  o t h e r  
com ponen ts  (U m b re i t  e t  a l . ,  1 9 6 4 ) .  O p t i c a l  d e n s i t i e s  w ere  
p e r f o r m e d  on t h e  t u b e s  i n c u b a t e d  a t  20 C, u s i n g  a  B au sch  and 
Lomb S p e c t r o n i c  20  c o l o r i m e t e r  a g a i n s t  b l a n k s  c o n t a i n i n g  t h e  
r e s p e c t i v e  d y e s  and  a l l  com ponen ts  i n c l u d i n g  a  f o r m a l i z e d  c e l l  
s u s p e n s i o n .  R e d u c t i o n  o f  TTC was m e a s u r e d  a t  590 nm, MB and  
DCIP r e d u c t i o n  were  m easu re d  a t  660 nm.
4 .  Q u a l i t a t i v e  A n a l y s i s  o f  C y to ch ro m es  o n  I s o l a t e  C - l .
R iv e  h u n d r e d  ml o f  m o d i f i e d  2216E (L and R) medium 
and t h i s  medium s u p p le m e n te d  w i t h  2 . 6  M NaCl were  added  t o  
o n e - l i t e r  E r l e n m e y e r  f l a s k s .  The f l a s k s  were  a u t o c l a v e d  a t  
121 C f o r  15 m in ,  pH a d j u s t e d  t o  7*4 -  7 - 6 ,  and  i n o c u l a t e d  
w i t h  5 ml o f  t h e  s t a n d a r d  in o c u lu m .  R l a s k s  were  i n c u b a t e d  a t  
20 C a t  200 rpm.
Upon a t t a i n i n g  t h e  l a t e  l o g a r i t h m i c  p h a s e  o f  g r o w t h ,  
t h e  c e l l s  were  h a r v e s t e d  b y  c e n t r i f u g a t i o n  a t  1 0 ,0 0 0  x  g f o r  
15 m in  a t  4  C. The c e l l  p e l l e t s  were  w ashed  5 t i m e s  w i t h  50 
ml o f  L and R s y n t h e t i c  s e a w a t e r  made i s o t o n i c  t o  t h e  g r o w th  
medium w i t h  NaCl ( w / v ) .  The f i n a l  p e l l e t s  were  r e s u s p e n d e d  i n  
5 ml o f  i s o t o n i c  L and  R s y n t h e t i c  s e a w a t e r  s o l u t i o n s  ( 1 - 2  
x  1012  c e l l s / m l ) .
The f i n a l  c e l l  s u s p e n s i o n s  w e re  d i s r u p t e d  b y  s o n i c a t i o n  
e m p lo y in g  a  100 w a t t  M .S .E .  s o n i c a t o r  (M easu rem en t  S c i e n t i f i c  
E l e c t r o n i c s ,  London) w i t h  a s o n i c  a m p l i t u d e  o f  4  p  p e a k  t o  
p e a k .  S i x  1 . 0  m in  t r e a t m e n t s  w ere  em ployed  w i t h  a  1 . 0  m in
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c o o l i n g  t i m e  b e tw e e n  t r e a t m e n t s .  Upon c o m p l e t i o n  o f  t h e  s o n i -  
c a t i o n  p r o c e s s ,  wet  m o u n ts  o f  t h e  s u s p e n s i o n s  were  p r e p a r e d  
and exam ined  u n d e r  t h e  p h a s e  m ic r o s c o p y  a t  ipOO x  m a g n i f i c a t i o n .  
The d i s r u p t i o n  p r o c e s s  was c o n s i d e r e d  c o m p le t e  i f  t h r e e  o r  
l e s s  i n t a c t  c e l l s  p e r  p h a s e  f i e l d  w ere  o b s e r v e d .  I f  t h e  
d i s r u p t i v e  p r o c e s s  was i n c o m p l e t e ,  t h e n  two a d d i t i o n a l  
s o n i c a t i o n  t r e a t m e n t s  w e re  em ployed .
F o l l o w i n g  d i s r u p t i o n  t h e  s u s p e n s i o n s  were  c e n t r i f u g e d  
a t  3 ,5 0 0  x  g f o r  30 min  t o  remove t h e  r e s i d u a l  i n t a c t  c e l l s .  
F o l l o w i n g  t h i s  c e n t r i f u g a t i o n ,  t h e  s u p e r n a t e s  w ere  removed a n d  
saved  f o r  s p e c t r o p h o t o m e t r i c  a n a l y s e s  o f  t h e  c y to c h r o m e s .
a .  D i f f e r e n c e  S p e c t r u m .
Q u a l i t a t i v e  m e a s u r e m e n ts  o f  t h e  c y to c h r o m e s  were  
p e r f o r m e d  on  t h e  w h o le  c e l l  e x t r a c t s  e m p lo y ing  t h e  d i f f e r e n c e  
s p e c t r u m  t e c h n i q u e  o f  Chance ( 1 9 5 4 ) .  I n  t h i s  p r o c e d u r e ,  t h e  
t e s t  c u v e t t e  was o x i d i z e d  i n i t i a l l y  w i t h  0 .0 1  M Fe(CN)^ ,  
t h e n  r e d u c e d  b y  t h e  a d d i t i o n  o f  a few c r y s t a l s  o f  sodium 
d i t h i o n i t e  ( ^ 2820^ ) .
b .  A b s o r p t i o n  S p e c t r u m .
Q u a l i t a t i v e  m e a s u re m e n ts  o f  t h e  c y to c h r o m e s  were 
p e r f o r m e d  on t h e  w h o le  c e l l  e x t r a c t s  em p lo y in g  t h e  a b s o r p t i o n  
s p e c t r u m  t e c h n i q u e  o f  U m b re i t  a d .  ( 1 9 6 4 ) .  I n  t h i s  p r o c e d u r e ,  
t h e  c o n t e n t s  o f  t h e  t e s t  c u v e t t e  were  r e d u c e d  b y  Na2 S20^  and  
compared t o  a  b l a n k  c o n t a i n i n g  a l l  com ponen ts  e x c e p t  t h e  c e l l  
e x t r a c t .
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A l l  s p e c t r a l  a n a l y s e s  w ere  p e r f o r m e d  u s i n g  a C ary  
M o d e l  15 S p e c t r o p h o t o m e t e r  e m p lo y in g  t h e  o n e - t e n t h  s c a l e .  A 
s c a n  o f  4 0 0  t o  650  nm was employed  f o r  a l l  s p e c t r a l  a n a l y s e s .
5 .  I n t r a c e l l u l a r  D e t e r m i n a t i o n  o f  Na a n d  K on I s o l a t e  C - l .
P o r t i o n s  ( 1 , 0 0 0  ml)  o f  m o d i f i e d  2216E L and F medium 
and t h e  medium s u p p le m e n te d  w i t h  1 .3 0  and  2 . 6 0  M NaCl were  
added  t o  a c i d - c l e a n e d  2 - l i t e r  E r l e n m e y e r  f l a s k s  and  a u t o c l a v e d  
a t  121 C f o r  15 m in .  Upon c o o l i n g ,  t h e  pH o f  t h e  medium was 
a d j u s t e d  t o  7*4 -  7*6  and i n o c u l a t e d  w i t h  10 ml o f  t h e  s t a n d a r d  
in o c u lu m .  At t h e  e a r l y ,  m i d - ,  and l a t e  l o g a r i t h m i c  p h a s e s  a s  
w e l l  a s  t h e  s t a t i o n a r y  p h a s e  o f  g ro w th  a f t e r  i n c u b a t i o n  a t  
20  G and 200  rpm, 200  ml a l i q u o t s  w e re  removed and h a r v e s t e d  
b y  c e n t r i f u g a t i o n  a t  1 0 ,0 0 0  x  g f o r  15 m in  a t  4  G. C e l l s  
w ere  w ashed  t w i c e  a n d  t h e  f i n a l  p e l l e t  s u s p e n d e d  i n  30 ml o f  
L and F s y n t h e t i c  s e a w a t e r  made i s o t o n i c  t o  t h e  g ro w th  medium 
w i t h  NaCl ( w / v ) ,  s u c h  t h a t  a  10  ml sa m p le  y i e l d e d  a p e l l e t  o f  
250 -  450  mg c e l l  w e t  w e ig h t  o r  a lm o s t  80 -  150 mg c e l l  d r y  
w e ig h t  ( T a k a c s  _et a l . ,  1 9 6 4 ) .
G e l l  s u s p e n s i o n s  c o n t a i n i n g  25 -  45  mg wet w e i g h t  p e r  
ml were p r e p a r e d  i n  350 ml ( 6 0  x  140 mm) w ide -m o u th  p o l y ­
c a r b o n a t e  c e n t r i f u g e  b o t t l e s  and  s h a k e n  a t  250 rpm and  20  C 
t o  i n s u r e  v i g o r o u s  a e r a t i o n  d u r i n g  t h e  30 min i n c u b a t i o n  
p e r i o d .  S e t s  o f  t h r e e  10 ml s a m p le s  w e re  removed f o r  i n t r a ­
c e l l u l a r  Na and K a n a l y s i s .
E ach  10 ml t h i c k  s u s p e n s i o n  sam ple  f o r  i o n i c  a n a l y s e s  
was p i p e t t e d  i n t o  a  50 ml (2 9  x  104 mm) p o l y c a r b o n a t e  
c e n t r i f u g e  t u b e ,  i n  w h ich  t h e  e x t r a c t i o n s  were  t o  be  c a r r i e d
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o u t .  The t u b e s  w e re  c e n t r i f u g e d  a t  1 5 ,0 0 0  x  g f o r  15 m in  a t  
4  C. The r e s u l t i n g  s u p e r n a t e s  were  d i s c a r d e d  and  t h e  i n s i d e  
w a l l s  o f  t h e  t u b e s  r i n s e d  c a r e f u l l y  w i t h  d o u b l e  d i s t i l l e d  
( d e i o n i z e d )  w a t e r  f ro m  a s q u e e z e  b o t t l e  t o  remove r e s i d u a l  
i o n s  f rom  t h e  s u p e r n a t e .  The i n s i d e  w a l l s  o f  t h e  t u b e s  w e re  
wiped w i t h  Kimwipes and a l l o w e d  t o  s i t  u n t i l  t h e  p e l l e t  wet  
w e i g h t s  w ere  d e t e r m i n e d .
The p e l l e t  was r e s u s p e n d e d  i n  2 . 5  ml o f  d o u b l e  
d i s t i l l e d  w a t e r  b y  e x t e n s i v e  m e c h a n i c a l  " v o r t e x "  a g i t a t i o n
u n t i l  no l a r g e  p e l l e t  c lumps r e m a i n e d .  F i n a l l y ,  2 . 5  ml o f
0 .6 2  M t r i c h l o r o a c e t i c  a c i d  (TCA) was ad ded  t o  e a c h  r e s u s p e n d e d  
p e l l e t  ( t h e  f i n a l  e x t r a c t i o n  s o l u t i o n  c o n t a i n e d  0 .5 1  M TCA).
The p o l y c a r b o n a t e  t u b e s  w ere  s h a k e n  f o r  5 min a t  200 rpm and
20 C and immersed  i n  a  95 -  99 C w a t e r  b a t h  f o r  5 m in .  The 
t u b e s  c o n t a i n i n g  t h e  e x t r a c t  w e re  t h e n  c e n t r i f u g e d  a t  1 5 ,0 0 0  
x  g f o r  15 min a t  4  C and t h e  s u p e r n a t e s  d e c a n t e d  i n t o  p l a s t i c  
o r  p o l y c a r b o n a t e  c o n t a i n e r s  f o r  l a t e r  d i l u t i o n  a nd  a n a l y s i s .
The f l o c c u l a n t  p r e c i p i t a t e d  m a t e r i a l  d i d  n o t  c o n t a i n  any 
s i g n i f i c a n t  i o n i c  c o n t e n t ,  i n d i c a t i n g  t h a t  t h e  e x t r a c t i o n  
p r o c e d u r e  was e s s e n t i a l l y  100  % e f f i c i e n t  i n  s o l u b i l i z i n g  
c e l l u l a r  i o n s .  C a re  was t a k e n  d u r i n g  t h e  p r o c e d u r e s  t h a t  a l l  
s o l u t i o n s ,  i n c l u d i n g  t h e  p e l l e t s  and  e x t r a c t s ,  d i d  n o t  c o n t a c t  
m a t e r i a l s  which  m i g h t  add c o n t a m i n a t i n g  i o n s .  To t h i s  e n d ,  
a l l  g l a s s w a r e  was a c i d - c l e a n e d  i n  a  1 : 1  ( 50/ 5 0 , v / v )  
c o n c e n t r a t e d  s u l f u r i o n i t r i c  a c i d  b a t h  f o r  18 -  24 h .
E x t r a c t s  w e re  d i l u t e d  a p p r o p r i a t e l y  w i t h  d o u b le  
d i s t i l l e d  w a t e r  u s i n g  Oxford  S a m p le r  m i c r o p i p e t t e s  (vo lume
57
c a l i b r a t i o n s  checked, b e f o r e  u s e )  w i t h  p l a s t i c  t i p s  and  1 ml 
F i s h e r  p l a s t i c  m i n i - b e a k e r s  and  c a p s .  A V a r i a n - T e c h t r o n  AA-5 
Atomic A b s o r p t i o n  S p e c t r o p h o t o m e t e r  was u s e d  f o r  f l a m e  e m i s s i o n  
a n a l y s e s  o f  Na and  K. The g a s  was a c e t y l e n e / a i r ,  t h e  wave­
l e n g t h s  were  5895 A and  7865 A f o r  c o n c e n t r a t i o n  r a n g e s  o f  
0 -1  mg/ml,  f o r  Na and K, r e s p e c t i v e l y .  I o n i c  c o n t e n t  o f  
d i l u t e d  e x t r a c t s  was d e t e r m i n e d  f ro m  t h e  mean of  t r i p l i c a t e  
d e t e r m i n a t i o n s .  To o b t a i n  a  m a t r i x  s i m i l a r  i n  c o m p o s i t i o n  t o  
t h e  s a m p le ,  s t a n d a r d s  f o r  Na and K were made f rom  s t o c k  
s o l u t i o n s  (Na, K, Atomic A b s o r p t i o n  S t a n d a r d s ,  1000 ppm,
F i s h e r  S c i .  C o . ,  M ed fo rd ,  M a s s . )  d i l u t e d  w i t h  0 . 6 2  M TCA 
( f i n a l  TCA c o n c e n t r a t i o n  was 0 .3 1 M).
The 10 ml t h i c k  s u s p e n s i o n  s a m p le s  f o r  e x t r a c e l l u l a r  
f l u i d  volume d e t e r m i n a t i o n s  w ere  p i p e t t e d  i n t o  15 ml c a l i b r a t e d ,  
g l a s s  c e n t r i f u g e  t u b e s  w h ich  c o n t a i n e d  1 ml o f  a s o l u t i o n  o f  
a r a d i o a c t i v e  s o l u t e  which  c o u l d  n o t  p e n e t r a t e  i n t o  t h e  c e l l s .  
New E n g la n d  N u c l e a r  C orp .  i n u l i n  c a r b o x y l - 1 4  C (NEC 164P) was 
u s e d  a s  t h e  n o n - p e n e t r a t i n g  s o l u t e  and  made i n  t h e  same 
s o l u t i o n  a t  t h e  same NaCl c o n c e n t r a t i o n  a s  t h e  t h i c k  s u s p e n s i o n  
(3  %i 1 u C i / m l ) .  The amount o f  l a b e l l e d  s o l u t e  ( w i t h  e x t r a  
n o n l a b e l l e d  c a r r i e r  s o l u t e  a d d e d  when t h e  c o n c e n t r a t i o n s  o f  
l a b e l l e d  s u b s t a n c e  w ere  low) was a d j u s t e d  t o  g i v e  a d e q u a t e  
c o u n t s  (1000  -  5000 DEM) f rom t h e  S2 s u p e r n a t a n t  a l i q u o t  ( s e e  
b e l o w ) .  The t u b e s  c o n t a i n i n g  t h e  s u s p e n s i o n  and l a b e l l e d  
s u b s t a n c e  were  m ixed  b y  v o r t e x i n g ,  t h e n  c e n t r i f u g e d  a t  1 5 ,0 0 0  
x  g f o r  15 min  a t  4  C. The r e s u l t i n g  s u p e r n a t a n t ,  S-^, was 
d e c a n t e d  and  s a v e d .  The h e i g h t  o f  t h e  r e s u l t i n g  p a c k e d  c e l l s
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was measured, and  t h e  v o lu m e s  d e t e r m i n e d .  The i n s i d e  t u b e  
w a l l s  w ere  r i n s e d  w i t h  d o u b l e  d i s t i l l e d  w a t e r  u s i n g  a s q u e e z e  
b o t t l e  t o  remove a d h e r i n g  r a d i o a c t i v e  s u b s t a n c e ,  and  t h e  w a l l s  
w iped  w i t h  K im -w ip es .  F i v e  ml o f  t h e  same s o l u t i o n  e x c e p t  
w i t h o u t  t h e  l a b e l l e d  s u b s t a n c e  was a d d e d  t o  e a c h  p e l l e t  a n d  
t h e  p e l l e t s  r e s u s p e n d e d .  The s u s p e n s i o n s  were c e n t r i f u g e d  
a t  1 5 ,0 0 0  x  g f o r  15 min a t  4  C and s u p e r n a t a n t ,  S2 , d e c a n t e d  
and r e t a i n e d .  A l i q u o t s  ( 0 . 2  m l)  o f  and S2 w e r e  p i p e t t e d  
i n t o  s c i n t i l l a t i o n  v i a l s  t o  which  10 ml New E n g l a n d  N u c l e a r  
A q u aso l  c o c k t a i l  h a d  b e e n  a d d e d .  C o u n t in g  was do n e  i n  a 
P a c k a r d  T r i - c a r b  L i q u i d  S c i n t i l l a t i o n  S p e c t r o m e t e r ,  Model 5 550 .  
A l i q u o t s  (1  ml)  o f  s u p e r n a t e  1 were  d i l u t e d  w i t h  d o u b l e  
d i s t i l l e d  w a t e r  and  Na and K d e t e r m i n e d  b y  f l a m e  p h o t o m e t r y .
The e x t r a c e l l u l a r  f l u i d  v o lu m e ,  i . e . ,  t h e  volume o f  
s o l u t i o n  t r a p p e d  i n  t h e  f i r s t  p e l l e t ,  was d e t e r m i n e d  u s i n g  
t h e  f o l l o w i n g  e q u a t i o n  ( T a k a c s  e t  a l . , 1964) :
x s x= (V-v+X)S2
Where X= volume o f  e x t r a c e l l u l a r  f l u i d  a s s o c i a t e d  w i t h
t h e  p a c k e d  c e l l s  (ml)
S-^= i n u l i n  c a r b o x y l - ^ C  c o n c e n t r a t i o n  ( d e t e r m i n e d
b y  DPM) i n  s u p e r n a t e  1
14S2 = i n u l i n  c a r b o x y l -  C c o n c e n t r a t i o n  ( d e t e r m i n e d  
b y  DPM) i n  s u p e r n a t e  2 
V= t o t a l  volume o f  t h e  s u s p e n s i o n  (m l)  
v= t o t a l  volume o f  t h e  p a c k e d  c e l l s  ( m l )
The i n t r a c e l l u l a r  f l u i d  volume was e s t i m a t e d  b y  s u b t r a c t i n g  
from t h e  volume o f  t h e  p a c k e d  c e l l s ,  t h e  sum o f  t h e
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e x t r a c e l l u l a r  f l u i d  volume and t h e  vo lum e o c c u p i e d  b y  t h e  d r y  
w e i g h t  o f  t h e  c e l l s ,  a s su m in g  t h e  l a t t e r  t o  have  a  d e n s i t y  o f  
1. 0 .
The t h i r d ,  and f i n a l ,  10 ml t h i c k  s u s p e n s i o n  sam p les  
w ere  u s e d  f o r  w e t  and d r y  w e i g h t  d e t e r m i n a t i o n s .  The sa m p le s  
w e re  c e n t r i f u g e d  a t  1 5 ,0 0 0  x  g f o r  15 min  a t  4  C i n  t a r e d  50 
ml p o l y c a r b o n a t e  c e n t r i f u g e  t u b e s .  The s u p e r n a t e s  were 
d i s c a r d e d ,  t h e  i n s i d e  t u b e  w a l l s  r i n s e d  w i t h  d o u b l e  d i s t i l l e d  
w a t e r ,  and w iped  w i t h  K im -w ip es .  A j e t  o f  g e n t l y  f l o w i n g  d r y  
a i r  was d i r e c t e d  i n s i d e  t h e  t u b e s  u n t i l  t h e  w a l l s  w ere  d r y  
( 1 - 2  m i n ) .  The t u b e s  w e re  w e ighed  and  t h e  wet  w e i g h t s  o f  
t h e  p e l l e t s  d e t e r m i n e d .  A f t e r  24 h a t  100 G, t h e  t u b e s  were  
r e w e ig h e d  and  t h e  d r y  w e i g h t s  o f  t h e  p e l l e t s  d e t e r m i n e d .
I n t r a c e l l u l a r  Na and  K c o n c e n t r a t i o n s  were  c a l c u l a t e d  
u s i n g  t h e  f o l l o w i n g  e q u a t i o n  (T a k a c s  e t  a l . , 1 9 6 4 ) :
FG- 1 , 000H -  I J  
Where F= i n t r a c e l l u l a r  Na o r  K c o n c e n t r a t i o n  (mM)
G= i n t r a c e l l u l a r  f l u i d  viume (m l)
H- t o t a l  Na o r  K a s s o c i a t e d  w i t h  t h e  p a c k e d  c e l l s  
(mM)
1= e x t r a c e l l u l a r  f l u i d  volume (m l)
J= c o n c e n t r a t i o n  o f  Na o r  K i n  s u p e r n a t e  1 (mM)
T o t a l  Na i n  t h e  p a c k e d  c e l l  was a l s o  d e t e r m i n e d  by  a
PPNa r a t i o  p r o c e d u r e  ( T a k a c s  e_fc a l . ,  1 9 6 4 ) .  The e x p e r i m e n t a l
2?p r o t o c o l  u t i l i z i n g  Na w i l l  b e  d i s c u s s e d  i n  t h e  f o l l o w i n g  
s e c t i o n .  T o t a l  Na was c a l c u l a t e d  b y  s o l v i n g  f o r  E i n  t h e  
f o l l o w i n g  e q u a t i o n  ( T a k a c s  e t  a l . , 1 9 6 4 ) :
6 0
ABC -  BE
22Where A= Na a c t i v i t y  p e r  ml o f  p a ck e d  c e l l s  
22B- Na c o n c e n t r a t i o n  i n  s u p e r n a t e  1 a s  d e t e r m i n e d
By f l a m e  p h o t o m e t r y
C= t o t a l  volume o f  t h e  p a c k e d  c e l l s  (m l )
22D= Na a c t i v i t y  p e r  ml o f  s u p e r n a t e  1
E= t o t a l  Na a s s o c i a t e d  w i t h  t h e  p a c k e d  c e l l s  (mM)
T o ta l  K a s s o c i a t e d  w i t h  t h e  p a c k e d  c e l l s  was d e t e r m i n e d  b y  
d i r e c t  f l a m e  p h o t o m e t r y  o n l y .  Na and  K c o n c e n t r a t i o n s  i n  t h e  
u n i n o c u l a t e d  medium were  d e t e r m i n e d  w i t h  5 nil a l i q u o t s  a n a l y z e d  
by d i r e c t  f l a m e  p h o t o m e t r y .
6 . D e t e r m i n a t i o n  o f  Na A s s o c i a t e d  W ith  C e l l s  o f  I s o l a t e  C - l  
U s in g  22Na.
22The u s e  o f  t h e  Na r a t i o  p r o c e d u r e  a s  w e l l  a s  t h e
22d e t e r m i n a t i o n  o f  Na a s s o c i a t e d  w i t h  C - l  c e l l s  was a  r e s u l t
o f  t h e  f o l l o w i n g  e x p e r i m e n t ,  w h ic h  was p e r f o r m e d  a t  t h e  same
t im e  a s  t h e  p r e c e d i n g  e x p e r i m e n t .
P o r t i o n s  ( 5 0 0  ml)  o f  m o d i f i e d  2216E (L and F) medium
and t h i s  medium s u p p le m e n te d  w i t h  1 . 3  and 2 . 6  M NaCl were
added t o  a c i d - c l e a n e d  o n e - l i t e r  E r l e n m e y e r  f l a s k s ,  a u t o c l a v e d
a t  121 C f o r  15 m in ,  and t h e  pH a d j u s t e d  t o  7 - 4  -  7 - 6 .  P r i o r
t o  i n o c u l a t i o n  w i t h  5 nil o f  t h e  same s t a n d a r d  in o cu lu m  a s
used  i n  t h e  p r e c e d i n g  e x p e r i m e n t ,  medium c o n t a i n i n g  0 . 0 , 1 . 3>
and 2 . 6  M NaCl was s e e d e d  w i t h  22Na ( a s  2^NaCl)  t o  i n i t i a l
c o n c e n t r a t i o n s  o f  0 .0 0 6  u C i /m l  ( 2 . 2 2  x  10- 2  nM) , 0 . 0 3 jJiCi/ml
(1 1 .1  x  10 - 2  nM) a n d  0 .0 6  j iC i /m l  ( 2 2 . 2  x 10~ 2 nM), r e s p e c t i v e l y .
22The i n c r e a s e d  c o n c e n t r a t i o n s  o f  Na were a d d e d  t o  m a i n t a i n  a
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r e l a t i v e l y  c o n s t a n t  r a t i o  b e tw e e n  l a b e l l e d  and  u n l a b e l l e d  Na
i n  t h e  medium. F l a s k s  were i n c u b a t e d  a t  20 C and s h a k e n  a t
200  rpm. At 1 and  2 h  a f t e r  i n o c u l a t i o n ,  10 ml a l i q u o t s  were
p i p e t t e d  i n t o  5 ml c a l i b r a t e d  p o l y c a r b o n a t e  g l a s s  c e n t r i f u g e
t u b e s ,  washed t w i c e  i n  5 ml o f  L a nd  F s y n t h e t i c  s e a w a t e r
made i s o t o n i c  t o  t h e  g ro w th  medium w i t h  NaCl (w /v )  b y
c e n t r i f u g a t i o n  a t  1 0 , 0 0 0  x  g f o r  15 min a t  4 C. The f i n a l
p e l l e t  was r e s u s p e n d e d  i n  3 ml o f  t h e  r e s p e c t i v e  i s o t o n i c  L
an d  F s e a w a t e r .  One ml was p l a c e d  i n  t a r e d  aluminum w e ig h in g
p a n s  f o r  d r y  w e ig h t  d e t e r m i n a t i o n s .  Pans  w ere  m a i n t a i n e d  a t
110 C f o r  24- h .  Two ml were s a v e d  f o r  f u r t h e r  a n a l y s i s  o f  
? ? Na a c t i v i t y .  I n  a d d i t i o n ,  100  ml a l i q u o t s  removed a t  e a r l y ,
m i d - ,  and l a t e  l o g a r i t h m i c  p h a s e s  and a t  t h e  s t a t i o n a r y  ph ase
o f  g ro w th  were  p i p e t t e d  i n t o  4-0 ml c a l i b r a t e d  g l a s s  c e n t r i f u g e
t u b e s ,  w ashed  t w i c e  and r e s u s p e n d e d  i n  60 ml o f  t h e  r e s p e c t i v e
i s o t o n i c  L and  F s o l u t i o n  b y  c e n t r i f u g a t i o n  a t  1 0 , 0 0 0  x  g f o r
15 min a t  4- C. E ach  60 ml s u s p e n s i o n  was s u b d i v i d e d  i n t o  f o u r
10 ml a l i q u o t s  and  a  20 ml a l i q u o t .  Each 10 ml a l i q u o t  was
t r e a t e d  and  a n a l y z e d  f o r  c e l l - a s s o c i a t e d  Na a s  d e s c r i b e d  i n
t h e  p r e v i o u s  s e c t i o n :  a l i q u o t  1 t r e a t e d  w i t h  0 . 6 2  M TCA t o
22d e t e r m i n e  “Na a c t i v i t y  p e r  ml o f  p a c k e d  c e l l s ;  a l i q u o t  2
d e t e r m i n e d  wet and  d r y  w e ig h t ;  a l i q u o t  3 t r e a t e d  w i t h  3 %
14- 22i n u l i n  c a r b o x y l -  C (1  p C i /m l )  t o  d e t e r m i n e  “Na c o n c e n t r a t i o n
i n  S-^  b y  f l a m e  p h o t o m e t r y ,  and  a l i q u o t  4- t r e a t e d  w i t h  3 %
14- s 22i n u l i n  c a r b o x y l -  C (1  ^ C i / m l )  t o  d e t e r m i n e  Na a c t i v i t y  i n
S-^. The 2 0  ml a l i q u o t  was c e n t r i f u g e d  a t  1 5 ,0 0 0  x  g f o r  15
m in  a t  4- C and  r e s u s p e n d e d  i n  5 ml o f  t h e  r e s p e c t i v e  i s o t o n i c
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L and  F s e a w a t e r .  The 5 ml s a m p le s  w ere  sh a k en  i n  a  Nos s a l
D i s i n t e g r a t o r  t o  e x t r a c t  c e l l  e n v e l o p e s  a s  d e s c r i b e d  i n  C-2b
22and  w ere  sa v e d  t o  d e t e r m i n e  Na a c t i v i t y  m  t h e  c e l l
e n v e l o p e s .  T r i p l i c a t e  0 . 5  ml s a m p le s  f rom a l i q u o t s  sa v ed  f o r  
22a n a l y s i s  o f  ~Na a c t i v i t y  were p l a c e d  i n  p l a s t i c  gamma c o u n t i n g  
t u b e s  and  a s s a y e d  u s i n g  a  P a c k a r d  Auto  Gamma S p e c t r o m e t e r  
a c c e s s o r y  t o  t h e  T r i - C a r b  L i q u i d  S c i n t i l l a t i o n  S p e c t r o m e t e r ,  
model 3 55 0 , p r e v i o u s l y  c a l i b r a t e d  w i t h  Cesium-137*
The p r e c i s e  amount o f  r a d i o a c t i v i t y  a v a i l a b l e  i n  t h e  
medium was a s s a y e d  i n  t h e  same m anner  a s  t h e  c e l l  e x t r a c t s ,  
w i t h  0 . 5  ml a l i q u o t s  removed p r i o r  t o  i n o c u l a t i o n .
P .  B io c h e m ic a l  R e s p o n s e s  o f  C - l  t o  N aC l .
1 .  D e t e r m i n a t i o n  o f  DNA: RNA: P r o t e i n :  C a r b o h y d r a t e ;  P h o sp h o ­
l i p i d  R a t i o s  on  I s o l a t e  C - l .
D u p l i c a t e  100 ml p o r t i o n s  o f  m o d i f i e d  2215E (L and  F) 
medium wibh s u p p l e m e n t a l  NaCl c o n c e n t r a t i o n s  r a n g i n g  f rom 0 . 0  
t o  3.4-5 M were  a d d e d  t o  250 ml E r l e n m e y e r  f l a s k s  and  a u t o c l a v e d  
a t  121 C f o r  15 m in .  Upon c o o l i n g ,  t h e  pH was a d j u s t e d  t o  
7.4- -  7*6 and t h e  medium i n o c u l a t e d  w i t h  1 . 0  ml o f  t h e  
s t a n d a r d  i n o c u lu m .  The i n o c u l a t e d  medium was i n c u b a t e d  a t  
20 C and  200 rpm w i t h  25 ml a l i q u o t s  removed a t  t h e  e a r l y ,  
m i d - ,  and  l a t e  l o g a r i t h m i c  p h a s e s  a n d  a t  t h e  s t a t i o n a r y  p h a s e  
o f  g r o w t h .  The c e l l s  w ere  c e n t r i f u g e d  t w i c e  a t  1 0 ,0 0 0  x  g 
f o r  15 min a t  4- C and  r e s u s p e n d e d  i n  25 ml o f  L and F s y n t h e t i c  
s e a w a t e r  made i s o t o n i c  t o  t h e  g r o w th  medium w i t h  NaCl ( w / v ) .  
P r i o r  t o  e x t r a c t i o n ,  d u p l i c a t e  0 . 5  ml a l i q u o t s  o f  t h e  c e l l
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s u s p e n s i o n s  were  m ixed  w i t h  0 . 5  ml o f  5 % f o r m a l i n  f o r  d i r e c t  
c e l l  c o u n t s .
The 25 ml a l i q u o t s  w ere  d i v i d e d  i n t o  20 ml and 5 ml 
f r a c t i o n s  and  t r a n s f e r r e d  t o  p o l y c a r b o n a t e  c e n t r i f u g e  t u b e s .  
Tubes w e re  c e n t r i f u g e d  a t  1 0 ,0 0 0  x g f o r  15 min a t  4  C w i t h  
t h e  s u p e r n a t e s  d i s c a r d e d .  The p e l l e t s  f rom  t h e  5 ml f r a c t i o n s  
were r e s u s p e n d e d  i n  5 ml o f  IN TI^SO^, s t o p p e r e d  and s t o r e d  a t  
4 C f o r  t o t a l  c a r b o h y d r a t e  d e t e r m i n a t i o n .  The p e l l e t s  from 
th e  20  ml f r a c t i o n s  were  r e s u s p e n d e d  i n  5 ml c o l d  0 . 6 2  M TCA, 
m ixed ,  a n d  a l l o w e d  t o  s t a n d  a t  4  C f o r  10 m in .  The s u s p e n s i o n s  
were c e n t r i f u g e d  a t  5 ,0 0 0  x  g f o r  15 min a t  4  C, d i s c a r d i n g  
th e  s u p e r n a t e s  and  r e d i s s o l v i n g  t h e  p e l l e t s  i n  5 ml c o l d  95  % 
e t h y l  a l c o h o l .  A f t e r  10 m in ,  t h e  s u s p e n s i o n s  w ere  c e n t r i f u g e d  
a g a i n  a t  5 ,0 0 0  x  g f o r  15 min  a t  4  C. The s u p e r n a t e s  were 
saved  f o r  p h o s p h o l i p i d  a n a l y s i s .  The p e l l e t s  w e re  r e s u s p e n d e d  
i n  2 . 5  ml c o l d  0 . 6 2  M TCA and  2 . 5  ml d i s t i l l e d  w a t e r .  The 
s u s p e n s i o n s  were  h e a t e d  a t  90 -  100 C f o r  15 m in  w i t h  
o c c a s i o n a l  s t i r r i n g .  Upon c o o l i n g ,  t h e  s u s p e n s i o n s  were 
c e n t r i f u g e d  a t  1 0 ,0 0 0  x  g f o r  20 min a t  4  C w i t h  t h e  s u p e r n a t e s  
saved  f o r  DNA and  RNA a n a l y s i s .  The p e l l e t s  w ere  r e s u s p e n d e d  
i n  5 ml o f  0 . 1  N NaOH and  sa v e d  f o r  t o t a l  p r o t e i n  d e t e r m i n a ­
t i o n .
DNA. was d e t e r m i n e d  b y  t h e  method o f  B u r t o n  ( 1 9 5 6 ) ,  
u s i n g  c a l f  thym us DNA (C a lb io ch e m )  a s  a s t a n d a r d .
RNA was d e t e r m i n e d  by  t h e  method o f  MejBaum (1939)  
e m p lo y in g  t h e  o r c i n o l  t e s t ,  and  RNA (S igm a)  a s  a  s t a n d a r d .
64-
P r o t e i n  was d e t e r m i n e d  a c c o r d i n g  t o  t h e  Lowry m ethod  
(Lowry a t  a d . ,  1951) u s i n g  b o v i n e  serum a lb u m in  f r a c t i o n  V 
(S igm a)  a s  a s t a n d a r d .
C a r b o h y d r a t e  was d e t e r m i n e d  b y  t h e  a n t h r o n e  t e s t  o f  
S e i f e r  e t  a l .  (1 9 50 )  w i t h  g l u c o s e  a s  a  s t a n d a r d .
P h o s p h o l i p i d  was d e t e r m i n e d  b y  t h e  m i c r o - K j e l d a h l  
m ethod  o f  F i s k e  and  Subbarow ( 1 9 2 5 ) -
2 .  Amino A c id  and  P h o s p h o l i p i d  D e t e r m i n a t i o n  on C e l l  
E n v e lo p e s  o f  I s o l a t e  C - l .
P o r t i o n s  (20 0  m l)  o f  m o d i f i e d  2216E (L and  P)  medium 
and  t h i s  medium s u p p le m e n te d  w i t h  1 . 7 0  and  5*^5 M NaCl w ere  
ad d ed  t o  500 ml E r l e n m e y e r  f l a s k s  and  t h e  f l a s k s  a u t o c l a v e d  
a t  121 C f o r  15 m in .  Upon c o o l i n g ,  t h e  pH o f  t h e  medium was 
a d j u s t e d  t o  7 -^  -  7*6  and  t h e  medium i n o c u l a t e d  w i t h  2 . 0  ml 
o f  t h e  s t a n d a r d  i n o c u lu m .  C e l l  e n v e l o p e s  were p r e p a r e d  f ro m  
c e l l s  grown t o  t h e  s t a t i o n a r y  p h a s e  o f  g ro w th  a t  20 C and 200 
rpm a s  d e s c r i b e d  i n  C -2b .
Weighed am ounts  o f  c r u d e  e n v e l o p e  p r e p a r a t i o n s  w ere  
t r a n s f e r r e d  t o  100  ml d i l u t i o n  b o t t l e s  c o n t a i n i n g  60 ml o f  a 
b u f f e r e d  enzyme s o l u t i o n  h a v i n g  t h e  f o l l o w i n g  composit ion:
0 . 2 5  M T r i s  b u f f e r ,  pH 7 - 8 ,  ( F i s h e r ) ;  0 . 0 5  % t r y p s i n  
( W o r t h i n g t o n ) ;  0 . 5  % RNase ( W o r th in g to n ) ;  and 0 . 0 0 5  % DNase 
(C a lb io ch e m )  i n  1000 ml o f  L and F s y n t h e t i c  s e a w a t e r  made 
i s o t o n i c  t o  t h e  g r o w th  medium w i t h  NaCl ( w / v ) . Sm all  c lum ps  
o f  e n v e lo p e  m a t e r i a l  were  b r o k e n  a p a r t  b y  r a p i d  e x p u l s i o n  o f  
t h e  m i x t u r e  t h r o u g h  a 10 ml s y r i n g e  and  a 20  g a u g e  n e e d l e .
The s o l u t i o n s  were  a l l o w e d  t o  i n c u b a t e  a t  a m b ie n t  t e m p e r a t u r e
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(2 0  C) f o r  2 -  8 h and c e n t r i f u g e d  a t  14500 x  g f o r  20 min  a t  
4  C. The p e l l e t s  were  r e s u s p e n d e d  i n  5 nil o f  t h e  r e s p e c t i v e  
i s o t o n i c  L a n d  F s e a w a t e r  and  s t o r e d  a t  4  G.
a .  Amino A c id  A n a l y s i s .
H y d r o l y s i s  o f  c e l l  e n v e lo p e  p r e p a r a t i o n s  was b y  t h e  
m ethods  o f  H i l l  (1965)  a n d  Laemrali ( 1 9 7 0 ) .  Ten 100 mg 
p o r t i o n s  o f  c e l l  e n v e lo p e  w ere  ad d ed  t o  a n  a c i d - c l e a n e d  t e s t  
t u b e  h e a t e d  p r e v i o u s l y  and  drawn down t o  a  s m a l l  o p e n in g .
F i v e  ml o f  6 N r e d i s t i l l e d  HC1 ( f o r  50 mg o r  l e s s  o f  c e l l  
e n v e l o p e )  o r  10 ml o f  6  N r e d i s t i l l e d  HG1 ( f o r  50 mg o r  more 
o f  c e l l  e n v e l o p e )  was a d d e d  t o  t h e  t u b e .  One d r o p  o f  
h y d r a z i n e - H C l  was added t o  e a c h  t u b e .  A l l  t u b e s  were h e a t -  
s e a l e d  u n d e r  vacuum. S e a l e d  t u b e s  w ere  i n c u b a t e d  a t  110 C 
f o r  24 -  56 h .
The h y d r o l y z a t e s  w ere  f i l t e r e d  o v e r  s i n t e r e d - g l a s s  t o  
remove i n s o l u b l e  m a t e r i a l s .  The f i l t e r s  were  w ashed  t w i c e  
w i t h  10  ml o f  d i s t i l l e d  w a t e r ,  t h e  f i l t r a t e  p l u s  w a sh es  p l a c e d  
i n  a n  a c i d - c l e a n e d  25 ml E r l e n m e y e r  f l a s k ,  and d r i e d  i n  a i r  
o v e r  6 N NaOH.
F o r  amino a c i d  a n a l y s e s ,  4  ml o f  0 . 2  M sodium c i t r a t e  
b u f f e r ,  pH 2 . 2 ,  was added  t o  e ac h  t u b e  and t h e  amino a c i d  
c o m p o s i t i o n  d e t e r m i n e d  on 0 . 5  ml s a m p l e s  i n  a  Beckman Model 
120 C Amino A c id  A n a l y z e r .
b .  P h o s p h o l i p i d  A n a l y s i s .
P h o s p h o l i p i d  a n a l y s i s  o f  5 -  10 mg o f  c e l l  e n v e l o p e  
p r e p a r a t i o n s  was by  t h e  m e th od  o f  F o l c h  ^et al_. (1 95 7 )*
Sam ples  were  e x t r a c t e d  t w i c e  i n  a 2 0 - f o l d  vo lum e o f
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c h l o r o f o r m - m e t h a n o l  ( 2 : 1 )  and  f i l t e r e d .  F i l t r a t e s  w ere  d r i e d  
( i n  v a c u o ) ,  e x t r a c t e d  t w i c e  w i t h  20 ml o f  w a t e r  and r e d i s s o l v e d  
i n  5 ml o f  c h l o r o f o r a - m e t h a n o l  ( 2 : 1 ) .  The l i p i d s  w ere  p r e ­
c i p i t a t e d  w i t h  a 10 - f o l d  volume o f  a c e t o n e ,  c o l l e c t e d  by  
c e n t r i f u g a t i o n  a t  7500  x  g f o r  15  min a t  A- G, r e d i s s o l v e d  i n
7 . 5  ml o f  c h l o r o f o r m - m e t h a n o l  ( 2 : 1 ) ,  and s t o r e d  i n  s e a l e d  
am p o u le s  u n d e r  ^  a t  - 2 0  C. The l i p i d  e x t r a c t s  w e re  c h ro m a to ­
g r a p h e d  b y  s p o t t i n g  50 pg ( a p p r o x i m a t e l y  1 mg/ml l i p i d )  on 
E as tm an  s i l i c a  g e l  t h i n  l a y e r  s h e e t s  ( D i x i l l a t i o n  P r o d u c t s  
I n d u s t r i e s ,  R o c h e s t e r ,  N . Y . ) .  S p o t s  were r e v e a l e d  w i t h  
i o d i n e  v a p o r s ,  m o ly b d a t e  b l u e ,  and  n i n h y d r i n l u t i d i n e - n - b u t y l  
a l c o h o l  s p r a y  r e a g e n t  (Abramson and  B e l c h e r ,  1 9 6 4 ) .  I n d i v i d u a l  
s p o t s  were  e l u t e d  w i t h  a minimum volume o f  c h l o r o f o r m - m e t h a n o l  
( 2 : 1 ) .  E l u a t e s  w ere  s p o t t e d  on  s i l i c a  g e l  s h e e t s  and 
d e v e l o p e d  i n  c h l o r o f o r m - m e t h a n o l - a c e t i c  a c i d - w a t e r  ( 6 5 : 2 5 : 1 2 :
4 ,  v / v ) .  The p h o s p h o l i p i d s  u s e d  a s  s t a n d a r d s  were  p h o s p h a t i d y l -  
e t h a n o l a m i n e , p h o s p h a t i d y l s e r i n e , d i p h o s p h a t i d y l g l y c e r o l , 
p h o s p h a t i d y l c h o l i n e  and  p h o p h a t i d i c  a c i d  ( F i s h e r  S c i .  C o . ,  
M e d fo rd ,  M a s s . ) .
3 .  E x t r a c t i o n  o f  t h e  Enzyme A s p a r t a t e  T r a n s c a r b a m y l a s e  from 
I s o l a t e  C - l .
P o r t i o n s  (50 0  ml)  o f  m o d i f i e d  2216E (L and  F )  medium 
and t h i s  medium s u p p le m e n te d  w i t h  2 . 6  M NaCl w e re  p r e p a r e d ,  
p l a c e d  i n  o n e - l i t e r  E r l e n m e y e r  f l a s k s ,  and  a u t o c l a v e d  a t  121 
C f o r  15 m in .  Upon c o o l i n g ,  t h e  pH was a d j u s t e d  t o  7 . 4  -  7*6 
and 5 ml o f  t h e  s t a n d a r d  in o c u lu m  added  t o  t h e  medium. F l a s k s  
w ere  i n c u b a t e d  a t  20  C and 200 rpm. C e l l s  were  h a r v e s t e d  a t
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t h e  s t a t i o n a r y  p h a s e  o f  g ro w th  b y  c e n t r i f u g a t i o n  a t  1 0 ,0 0 0  x  
g f o r  16 min  a t  4  C and  washed t w i c e  i n  15 ml o f  t h e  r e s p e c t i v e  
i s o t o n i c  L and  F s e a w a t e r  t o  g i v e  a p p r o x i m a t e l y  3 mg p r o t e i n  
p e r  ml a s  d e t e r m i n e d  b y  Lowry a t  a l .  ( 1 9 5 1 ) .  C e l l s  i n  t h e  
s u s p e n s i o n  w ere  d i s r u p t e d  by  s o n i c a t i o n  e m p lo y in g  a  100  w a t t  
M.S .E .  S o n i c a t o r  (M easurem ent  S c i e n t i f i c  E l e c t r o n i c s ,  London) 
w i t h  a s o n i c  a m p l i t u d e  o f  6 ji p e a k  t o  p e a k .  E i g h t  1 . 0  min 
t r e a t m e n t s  w e re  employed w i t h  1 . 0  min  c o o l i n g  t i m e  b e tw e e n  
t r e a t m e n t s ,  t o  y i e l d  90  -  95  % c e l l u l a r  d i s r u p t i o n  a s  d e t e r ­
mined b y  p h a s e  m i c r o s c o p y .  F o l l o w i n g  d i s r u p t i o n ,  c e l l s  were  
c e n t r i f u g e d  a t  3500 x  g f o r  30 m in  a t  4  C t o  remove r e s i d u a l  
i n t a c t  c e l l s .  F o l l o w i n g  t h i s  c e n t r i f u g a t i o n ,  t h e  s u p e r n a t e  
was removed and  s a v e d  f o r  a n a l y s i s .
The s u p e r n a t e  c o n s t i t u t e d  t h e  c r u d e  e x t r a c t .  Enzyme 
e x t r a c t i o n  a nd  p r e c i p i t a t i o n  was p e r f o r m e d  u s i n g  t h e  m e tho d  
o f  K a p la n  e t  a l .  ( 1 9 6 7 ) .  T h i s  m eth od  i n v o l v e d  i n i t i a l  
s o l u b i l i z a t i o n  and t h e n  p r e c i p i t a t i o n  o f  t h e  enzyme w i t h  
s a t u r a t e d  c o n c e n t r a t i o n s  o f  (N H ^^ S O ^ .  A p u r i f i c a t i o n  o f  3 
t o  4 - f o l d  o v e r  t h e  c r u d e  e x t r a c t  was a c h i e v e d  w i t h  t h i s  
t r e a t m e n t .
The r e a c t i o n  was s t a r t e d  b y  a d d in g  0 . 1  ml o f  t h e  
enzyme p r e p a r a t i o n  t o  0 . 4  ml o f  t h e  r e a c t i o n  m i x t u r e  k e p t  a t  
20 C. The r e a c t i o n  m i x t u r e  c o n s i s t e d  o f  0 . 1  M PO^ b u f f e r ,  
pH 7 . 0 ,  0 . 0 0 6  M c a rb a m y l  p h o s p h a t e  (C P ) ,  0 . 0 9  M a s p a r t a t e  
(ASP), and  L and  F s y n t h e t i c  s e a w a t e r  c o n t a i n i n g  t o t a l  NaCl 
c o n c e n t r a t i o n s  r a n g i n g  from 0 . 0 1  t o  3 .7 5  M. The r e a c t i o n  was 
s to p p e d  a f t e r  60 min b y  a d d in g  1 . 0  ml o f  c o l d  0 . 1  N HC1 i n
68
a b s o l u t e  a l c o h o l  and s t o r e d  i n  i c e .  S a m p le s  ( 0 . 7 5  nil) o f  t h e  
m i x t u r e  was u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  ca rbam yl  a s p a r t a t e  
(CA), t h e  p r o d u c t  o f  t h e  r e a c t i o n .  Enzyme a s s a y  was b a s e d  on 
t h e  m ethod  o f  K o r i t z  and Cohen (1954)  f o r  t h e  c o l o r i m e t r i c  
d e t e r m i n a t i o n  o f  CA. Carbamyl  a s p a r t a t e  s t a n d a r d s  were  made 
i n  L and  F s y n t h e t i c  s e a w a t e r  c o n t a i n i n g  t o t a l  NaCl c o n c e n t r a ­
t i o n s  r a n g i n g  f ro m  0 . 0 1  t o  5 - 4 5  M and t r e a t e d  i n  t h e  same 
manner  a s  t h e  c r u d e  e x t r a c t .  C o n t r o l s  c a r r i e d  o u t  f o r  n o n -  
e n z y m a t i c  r e a c t i o n s  b e tw e e n  CP and ASP p r o d u c e d  no p r o d u c t  




A. S e l e c t i o n  and  I s o l a t i o n  o f  U a C l - T o l e r a n t  E s t u a r i n e  
B a c t e r i a .
1 .  E f f e c t  o f  P h y s i c a l  and  C hem ica l  P a r a m e t e r s  on  B a c t e r i a l  
E n u m e ra t io n  o f  E s t u a r i n e  W a te r  S a m p le s .
I n  a n  e c o l o g i c a l  s t u d y ,  c h e m i c a l  and p h y s i c a l  
e n v i r o n m e n t a l  p a r a m e t e r s  w e re  i n v e s t i g a t e d  f o r  t h e  i n d i g e n o u s  
m i c r o f l o r a  i n  o r d e r  t o  o b t a i n  o p t i m a l  g ro w th  c o n d i t i o n s .  An 
e x p e r im e n t  was  d e s i g n e d  t o  d e t e r m i n e  i f  t e m p e r a t u r e  a f f e c t e d  
t h e  a e r o b i c  h e t e r o t r o p h i c  p o p u l a t i o n  t h a t  d e v e l o p e d  f rom t h e  
G r e a t  Bay e s t u a r i n e  com plex .
E s t u a r i n e  w a t e r  s a m p le s  were  c o l l e c t e d  December 2 4 ,  
1973 ( s a l i n i t y ,  20 p p t ;  t e m p e r a t u r e ,  2 . 6  C; pH, 7 - 2 )  and 
Augus t  28 ,  1974 ( s a l i n i t y ,  2 8 . 5  p p t ;  t e m p e r a t u r e ,  2 1 . 5  C; 
pH, 7 - 2 )  f rom  t h e  J a c k s o n  E s t u a r i n e  L a b o r a t o r y  ( J E L ) .
A l i q u o t s  ( 0 . 1  m l)  o f  t h e  w i n t e r  and  summer w a t e r  s a m p le s  were  
en u m era ted  on  m o d i f i e d  2216E (S e v e n  S e a s )  a g a r  medium b y  
s p r e a d  p l a t e  t e c h n i q u e  a f t e r  30 d a y s  i n c u b a t i o n  a t  4  C and  
14 days  i n c u b a t i o n  a t  2 0 ,  37 ,  and 50 C. The CFU/ml f o r  t h e  
w i n t e r  sam ple  w e re :  1 310 ,  2133 ,  8 3 7 ,  and  10  a t  4 ,  20,  37 ,
and 50 C, r e s p e c t i v e l y .  The CPU/ml f o r  t h e  summer sample  
were :  1257,  2310 ,  1063,  and  10 a t  4 ,  2 0 ,  37,  and  50 C,
r e s p e c t i v e l y .  The p e r c e n t  e r r o r  b e t w e e n  t r i p l i c a t e  p l a t e s  
of each  w a t e r  sam ple  was l e s s  t h a n  9 -  Maximum CFU/ml f o r
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b o t h  w a t e r  s a m p le s  o c c u r r e d  a t  20  0 , and  c o l o n y  m o rp h o lo g y  and  
p i g m e n t a t i o n  were  g r e a t e s t  a t  20 C a l s o .  No s e a s o n a l  s e l e c t i o n  
o f  num bers  o r  t y p e s  o f  c o l o n i e s  was e v i d e n t .  The 20 C 
t e m p e r a t u r e  was optimum and was u s e d  f o r  s u b s e q u e n t  enumera­
t i o n  s t u d i e s .
O r g a n ic  m a t t e r  c o n c e n t r a t i o n s  i n  m o d i f i e d  2216E a g a r  
medium were  t e s t e d  f o r  optimum c o n c e n t r a t i o n s .  A l i q u o t s  
( 0 . 1  ml)  o f  t h e  w i n t e r  and summer w a t e r  s a m p le s  were  e n u m e ra te d  
on m o d i f i e d  2216E a g a r  medium c o n t a i n i n g  0 . 0 2 ,  0 . 2 ,  1 . 0 ,  
and 2 . 0  % t o t a l  o r g a n i c  m a t t e r  a f t e r  14- d a y s  i n c u b a t i o n  a t  
20 G. The CFU/ml f o r  t h e  w i n t e r  s a m p le  were  1995 ,  2243 ,  263,  
and 10  a t  0 . 0 2 , 0 . 2 , 1 . 0 , and 2 . 0  % o r g a n i c  m a t t e r ,  r e s p e c t i v e l y .
The CFU/ml f o r  t h e  summer sam ple  w ere :  2000,  2 3 63 ,  323,  and
10 a t  0 . 0 2 , 0 . 2 , 1 . 0 , and  2 . 0  % o r g a n i c  m a t t e r ,  r e s p e c t i v e l y .
The p e r c e n t  e r r o r  b e tw e e n  t r i p l i c a t e  p l a t e s  o f  e a c h  w a t e r  s a m p le  was 
l e s s  t h a n  8 . Maximum CFU/ml and  c o l o n y  d i v e r s i t y  f o r  b o t h  
w a t e r  s a m p le s  o c c u r r e d  a t  0 . 2  % o r g a n i c  m a t t e r  c o n c e n t r a t i o n .
The d e c r e a s e d  CFU/ml a t  1 . 0  and  2 . 0  % o r g a n i c  m a t t e r  was due  
p a r t l y  t o  c o n f l u e n t  c o l o n i e s  and  t o  a n  e x c e s s  c o n c e n t r a t i o n  
o f  o r g a n i c  m a t t e r  t o o  c o n c e n t r a t e d  f o r  t h e  m a j o r i t y  o f  
e s t u a r i n e  b a c t e r i a .  The c o n c e n t r a t i o n  o f  0 . 2  % o r g a n i c  
m a t t e r  i n  m o d i f i e d  2216E a g a r  medium was optimum and  was 
employed f o r  f u r t h e r  i n v e s t i g a t i o n s .
S i n c e  a n  e s t u a r y  i s  a  b o d y  o f  w a t e r  i n  w h ic h  f r e s h  
w a t e r  m ix e s  w i t h  s e a w a t e r  ( P r i t c h a r d ,  1 9 6 7 ) ,  s a l i n i t y  
f l u c t u a t i o n s  w ere  g r e a t  ( 3 - 3 0  p p t ) .  ■ S i n c e  NaCl c o m p r i s e s  
8 0 -8 5  % o f  s a l i n i t y ,  a  d e t e r m i n a t i o n  o f  t h e  e f f e c t s  o f  v a r i o u s
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NaCl c o n c e n t r a t i o n s  on t h e  G r e a t  Bay e s t u a r i n e  b a c t e r i a l  
p o p u l a t i o n  was u n d e r t a k e n .  A l i q u o t s  ( 0 . 1  ml) o f  t h e  w i n t e r  
and summer w a t e r  sam p les  w e re  e n u m e r a t e d  on m o d i f i e d  M acL eod 's  
N a - d e f i c i e n t  a g a r  medium c o n t a i n i n g  t o t a l  NaCl c o n c e n t r a t i o n s  
r a n g i n g  from 0 .0 0 0 2  t o  3*20 M. The p l a t e s  were  i n c u b a t e d  a t  
20 C f o r  14 d a y s .  The p e r c e n t  e r r o r  b e tw e e n  t r i p l i c a t e  
p l a t e s  o f  e ac h  w a t e r  sa m p le  was l e s s  t h a n  7 »
Maximum CFU/ml o c c u r r e d  a t  0 . 4 0  M NaCl f o r  t h e  w i n t e r  
sample  and  0 . 3 0  M NaCl f o r  t h e  summer sample  ( T a b l e  1 ) .  When 
t h e  h i g h e s t  CFU/ml were t a k e n  a s  100 %, n e a r l y  50 % o f  t h e  
CFU/ml f a i l e d  t o  d e v e lo p  a t  1 . 0 0  M NaCl and o n l y  1 % o f  t h e  
CFU/ml d e v e l o p e d  a t  1 . 6 5  M NaCl.  No c o l o n i e s  d e v e l o p e d  a t
3 .2 0  M N aCl.  The o c c u r r e n c e  o f  h i g h e s t  CFU/ml a t  NaCl 
c o n c e n t r a t i o n s  ( 0 . 2  -  0 . 5  M) r e p r e s e n t a t i v e  o f  t h o s e  o f  t h e  
e s t u a r y  ( 0 .3 5  M )> i l l u s t r a t e d  t h e  s t e n o h a l i n e  c h a r a c t e r  o f  
t h e  b a c t e r i a l  p o p u l a t i o n .  The d e c r e a s e  i n  CFU/ml a s  NaCl 
c o n c e n t r a t i o n s  d e v i a t e d  f ro m  t h o s e  o f  t h e  e s t u a r y  i n d i c a t e d  
t h e  o l i g o d y n a m ic  e f f e c t  NaCl had  on t h e  i n d i g e n o u s  m i c r o f l o r a .  
However, t h e  o c c u r r e n c e  o f  t h r e e  CFU a t  2 . 8 0  M NaCl s u g g e s t e d  
t h e  p r e s e n c e  i n  t h e  e s t u a r y  o f  h a l o t o l e r a n t  o r  h a l o p h i l i c  
b a c t e r i a .
The p r e v i o u s  t h r e e  e x p e r i m e n t s  i n v o l v i n g  t e m p e r a t u r e ,  
o r g a n i c  m a t t e r ,  and NaCl c o n c e n t r a t i o n s  i n d i c a t e d  t h a t  t h e  
c u l t u r a l  c o n d i t i o n s  y i e l d i n g  maximum CFU/ml w e re :  20 C,
0 . 2  % o r g a n i c  m a t t e r  i n  m o d i f i e d  2216E (S ev en  S e a s )  a g a r  
medium c o n t a i n i n g  0 . 3  -  0 . 4  M NaCl.
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2 .  S e l e c t i v e  E f f e c t s  o f  S u p p l e m e n t a l  NaCl C o n c e n t r a t i o n s  
o n  t h e  E s t u a r i n e  B a c t e r i a l  P o p u l a t i o n .
To s t u d y  f u r t h e r  t h e  s e l e c t i v e  e f f e c t s  o f  s u p p l e m e n t a l  
NaCl on  t h e  e s t u a r i n e  b a c t e r i a l  p o p u l a t i o n  a s  w e l l  a s  t o  
c o n f i r m  t h e  e x i s t e n c e  o f  N a C l - t o l e r a n t  b a c t e r i a ,  t h e  f o l l o w i n g  
e x p e r i m e n t  was p e r f o r m e d .  E s t u a r i n e  w a t e r  s a m p le s  w e re  
c o l l e c t e d  a s e p t i c a l l y  a t  JEL from O c t o b e r  2 9 ,  1975,  t o  
November 50,  1974-. F o r  e a c h  s a m p le ,  s a l i n i t y ,  t e m p e r a t u r e ,  
and pH were  r e c o r d e d .  The s e a s o n a l  f l u c t u a t i o n s  i n  t h e s e  
t h r e e  p a r a m e t e r s  a r e  shown i n  F i g .  1 .  A l i q u o t s  ( 0 . 1  m l)  o f  
t h e  w a t e r  s a m p le s  w ere  e n u m e r a t e d  on m o d i f i e d  2216E (S e v e n  
S e a s )  a g a r  medium w i t h  s u p p l e m e n t a l  NaCl c o n c e n t r a t i o n s  
r a n g i n g  from 0 . 0  t o  5*05 M b y  s p r e a d  p l a t e  t e c h n i q u e  a f t e r  14- 
d a y s  i n c u b a t i o n  a t  20 C. U n su p p le m en ted  m o d i f i e d  2216E a g a r  
medium c o n t a i n e d  0 . 5 0  M NaCl.
When t h e  CFU/ml w h ich  d e v e l o p e d  on  u n s u p p l e m e n te d  
m o d i f i e d  2216E a g a r  medium w ere  u s e d  a s  c o m p a r i s o n ,  CFU/ml 
d r o p p e d  s t e a d i l y  when up t o  1 . 0  M NaCl was ad ded  ( T a b l e  2 ) .  
G e n e r a l l y ,  l e s s  t h a n  20 % o f  t h e  c o l o n i e s  d e v e l o p e d  a t  1 . 0  
H s u p p l e m e n t a l  NaCl.  At 1 . 8 5  M s u p p l e m e n t a l  NaCl,  l e s s  t h a n  
1 % o f  t h e  CFU/ml d e v e l o p e d .  S i n g l e  c o l o n i e s  d e v e l o p e d  a t
2 . 2 5  and  2 . 6 5  M s u p p l e m e n t a l  NaCl ( r e c o r d e d  a s  0 %) w h e r e a s  
no c o l o n i e s  d e v e l o p e d  a t  5 -0 5  M s u p p l e m e n t a l  NaCl.  The 
d e c r e a s e  i n  CFU/ml a s  NaCl c o n c e n t r a t i o n  i n c r e a s e d  was 
c o n s i s t e n t  t h r o u g h o u t  t h e  s a m p l in g  p e r i o d  f rom  O c t o b e r ,  1975, 
t o  November, 1974- ( F i g .  2 ) .  The o c c u r r e n c e  o f  CFU's  a t  2 .2 5  M 
NaCl ( g r e a t e r  t h a n  6 - f o l d  t h e  a v e r a g e  e s t u a r i n e  NaCl
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c o n c e n t r a t i o n  o f  0 . 3 5  M) c o n f i r m e d  t h e  e x i s t e n c e  o f  NaCl-  
t o l e r a n t  e s t u a r i n e  " b a c t e r i a .  The n e a r l y  50 % r e d u c t i o n  
i n  CFU/ml a t  0 . 6 5  M s u p p l e m e n t a l  NaCl d e m o n s t r a t e d  t h e  t o x i c  
and  s e l e c t i v e  e f f e c t s  t h a t  s u p p l e m e n t a l  NaCl c o n c e n t r a t i o n s  
g r e a t e r  t h a n  t h o s e  o f  t h e  e s t u a r y  have  on  t h e  p r e d o m i n a n t l y  
s t e n o h a l i n e  e s t u a r i n e  b a c t e r i a l  p o p u l a t i o n .
To a s s e s s  f u r t h e r  t h e  e f f e c t s  o f  s u p p l e m e n t a l  NaCl 
on t h e  b a c t e r i a l  p o p u l a t i o n ,  t h e  d a t a  i n  T a b l e  2 was i n v e s t i ­
g a t e d  on t h e  b a s i s  o f  p i g m e n t e d  and n o n p ig m e n te d  c o l o n i e s .  
P ig m e n te d  c o l o n i e s  were t h o s e  p o s s e s s i n g  a d i s t i n c t  c o l o r ,  
s u c h  a s ,  w h i t e ,  r e d ,  y e l l o w ,  g r e e n ,  b l a c k ,  o r  o ra n g e ;  w h e re a s  
n o n p igm en ted  c o l o n i e s  were  b e i g e .
Maximum p i g m e n t a t i o n  ( 3 d  %) o c c u r r e d  on m o d i f i e d  
2216E a g a r  medium (T a b le  3)* P i g m e n t a t i o n  d r o p p e d  o f f  t o  a 
minimum o f  1 % a s  s u p p l e m e n t a l  NaCl c o n c e n t r a t i o n  i n c r e a s e d  t o  
1.4-5 M. No p i g m e n t e d  c o l o n i e s  o c c u r r e d  abo ve  1.4-5 M 
s u p p l e m e n t a l  N aC l .  S u p p l e m e n t a l  NaCl c o n c e n t r a t i o n s  a p p r o x i ­
m a t e l y  4—5 f o l d  t h o s e  o f  t h e  e s t u a r y  p r o d u c e d  g r e a t e r  t h a n  a 
90  % d e c r e a s e  i n  c o lo n y  p i g m e n t a t i o n ,  f u r t h e r  s u p p o r t i n g  t h e  
o b s e r v a t i o n  t h a t  t h e  e s t u a r i n e  b a c t e r i a l  p o p u l a t i o n  was 
s t e n o h a l i n e .
The s e l e c t i v e  e f f e c t s  o f  s u p p l e m e n t a l  NaCl on t h e  
e s t u a r i n e  b a c t e r i a l  p o p u l a t i o n  a r e  p r e s e n t e d  p h o t o g r a p h i c a l l y  
i n  F i g .  3. Maximum CFU/ml a nd  d i v e r s i t y  o f  c o l o n y  t y p e s  
o c c u r r e d  i n  u n s u p p le m e n te d  2216E medium ( 0 . 3 0  M N a C l) .
CFU/ml and d i v e r s i t y  d e c r e a s e d  a s  s u p p l e m e n t a l  NaCl c o n c e n t r a ­
t i o n  i n c r e a s e d .  A t  2 .6 0  M t o t a l  NaCl ( 2 . 3 0  M s u p p l e m e n ta l  
NaCl) o n ly  two n o n p ig m e n te d  ( b e i g e )  c o l o n i e s  d e v e l o p e d .
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S in c e  n o n p ig m e n te d  ( b e i g e )  c o l o n i e s  w ere  s e e n  e x c l u ­
s i v e l y  a t  t h e  h i g h e s t  NaCl c o n c e n t r a t i o n s  t h a t  s u p p o r t e d  
g r o w t h ,  an  i n v e s t i g a t i o n  t o  d e t e r m i n e  t h e  taxonomy o f  t h e  
s e l e c t e d  b a c t e r i a l  c e l l s  was u n d e r t a k e n .  M i c r o s c o p i c  
e x a m i n a t i o n  p e r f o r m e d  on w e t  m oun ts  and  g r a m - s t a i n e d  c e l l s  
showed t h a t  a l l  c e l l s  w ere  G r a m - n e g a t i v e ,  n o n m o t i l e ,  r o d ­
s h a p e d ,  m e a s u r i n g  1 . 5 - 2 . 0  x  5 * 0 - 5 . 0  ym. The s i m i l a r i t i e s  
i n  m orpho logy  a n d  g r a m s t a i n  r e a c t i o n  s u g g e s t e d  a s e l e c t i o n  
o f  a s i n g l e  h a l o t o l e r a n t  o r  e x t r e m e  h a l o p h i l i c  b a c t e r i a l  
s p e c i e s .
An a d d i t i o n a l  p l a t e  t e c h n i q u e  was employed t o  f u r t h e r  
s u b s t a n t i a t e  t h e  s e l e c t i v e  e f f e c t s  o f  s u p p l e m e n t a l  NaCl on 
t h e  e s t u a r i n e  b a c t e r i a l  p o p u l a t i o n .  The t e c h n i q u e ,  r e p l i c a  
p l a t i n g ,  was d e s i g n e d  t o  a l l o w  f o r  t h e  d e t e c t i o n  and  i s o l a t i o n  
o f  o r g a n i s m s  t o l e r a n t  t o  t h e  NaCl s t r e s s  ( L e d e r b e r g  and 
L e d e r b e r g ,  1 9 5 2 ) .  A l i q u o t s  ( 0 . 1  m l)  o f  w a t e r  s a m p le s  
c o l l e c t e d  a t  JEL on November 25 ,  1 9 7 5 ,  A p r i l  50 ,  1974 ,  J u l y  1 9 ,  
1974 ,  and O c t o b e r  12 ,  1 97 4 ,  were  e n u m e r a t e d  on m o d i f i e d  2216E 
( S e v e n  S e a s )  a g a r  medium a f t e r  14 d a y s  i n c u b a t i o n  a t  20 C.
T h ese  p l a t e s  w e re  r e p l i c a - p l a t e d  s u b s e q u e n t l y  on m o d i f i e d  
2216E a g a r  medium su p p le m e n te d  w i t h  NaCl c o n c e n t r a t i o n s  
r a n g i n g  f rom 0 . 2 5  t o  2 . 5 0  M. F o l l o w i n g  i n c u b a t i o n  a t  20 C 
f o r  14 d a y s ,  t h e  p l a t e s  c o n t a i n i n g  2 . 5 0  M s u p p le m e n te d  NaCl 
w ere  r e p l i c a - p l a t e d  on u n s u p p le m e n te d  m o d i f i e d  2216E a g a r  
medium and i n c u b a t e d  a t  20 C f o r  14 d a y s .
Maximum CFU and  c o l o n y  t y p e s  d e v e l o p e d  on  t h e  m a s t e r  
p l a t e s  c o n t a i n i n g  0 . 5 0  M NaCl. CFU and  d i v e r s i t y  d e c r e a s e d
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u n t i l  no more t h a n  two b e i g e  c o l o n i e s  d e v e l o p e d  on 2 . 6 0  M 
N a d - m e d i u m .  However, when t h e  2 . 6 0  M NaCl-medium was 
r e p l i c a - p l a t e d  t o  u n s u p p l e m e n te d  N a C l - p l a t e s ,  CFU and  
d i v e r s i t y  were  s i m i l a r  t o  t h e  m a s t e r  p l a t e s .  The taxonomy o f  
t h e  b a c t e r i a l  c e l l s  examined f ro m  t h e  h i g h e s t  N a C l - s u p p le m e n te d  
p l a t e s  w e re  s i m i l a r  t o  t h o s e  o f  o t h e r  N a C l - t o l e r a n t  b a c t e r i a l  
c e l l s .  However,  c e l l s  from c o l o n i e s  on t h e  m a s t e r  p l a t e s  
t h a t  c o r r e s p o n d e d  t o  N a C l - t o l e r a n t  c o l o n i e s  a t  s u p e r i m p o s a b l e  
s i t e s  on t h e  h i g h e s t  N a C l - s u p p le m e n te d  p l a t e s  were  0 . 5  x
1 . 5  ym, r o d - s h a p e d ,  g r a m - n e g a t i v e ,  and m o t i l e .  The r e p l i c a  
p l a t e  t e c h n i q u e  d e m o n s t r a t e d  t h e  s t e n o h a l i n e  r e s p o n s e  o f  t h e  
e s t u a r i n e  b a c t e r i a l  p o p u l a t i o n  b u t  c o n f i r m e d  t h e  e x i s t e n c e  o f  
N a C l - t o l e r a n t  b a c t e r i a .  The t e c h n i q u e  showed,  a l s o ,  t h e  
r e v e r s i b l e  e f f e c t  o f  NaCl s t r e s s  on t h e  p o p u l a t i o n .  The 
o c c u r r e n c e  o f  s m a l l ,  m o t i l e ,  r o d - s h a p e d  b a c t e r i a l  c e l l s  on 
u n s u p p l e m e n te d  medium showed t h a t  NaCl s t r e s s  a l t e r e d  c e l l  
m o rp h o lo g y  and  m o t i l i t y .
5 .  S e l e c t i v e  E f f e c t s  o f  O t h e r  S u p p le m e n ta l  S a l t s  on t h e  
E s t u a r i n e  B a c t e r i a l  P o p u l a t i o n .
To d e t e r m i n e  i f  t h e  r e s p o n s e  o f  t h e  b a c t e r i a l  p o p u l a ­
t i o n  t o  NaCl was s p e c i f i c ,  t h e i r  r e s p o n s e  t o  s u p p l e m e n t a l  
s a l t s  o t h e r  t h a n  NaCl was i n v e s t i g a t e d .  A l i q u o t s  ( 0 . 1  ml)  
o f  e s t u a r i n e  w a t e r  s a m p le s  c o l l e c t e d  a t  JEL on March 12,  1974 ,  
and  A u g u s t  2 1 ,  19 7 4 ,  were e n u m e ra te d  a f t e r  14 d a y s  i n c u b a t i o n  
a t  20 C on  m o d i f i e d  2216E ( S e v e n  S e a s )  a g a r  medium and t h e  
medium s u p p le m e n te d  w i t h  one o f  t h e  f o l l o w i n g  s a l t s :  NaNO^,
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Na^SO^, KNOj, KC1, MgSO^, CaSO^, o r  L iC l  i n  c o n c e n t r a t i o n s  
r a n g i n g  from 0 . 3 0  t o  3*25  M.
When t h e  CFU/ml which  d e v e l o p e d  f ro m  t h e  March w a t e r  
sam ple  on u n s u p p le m e n te d  m o d i f i e d  2216E medium w ere  u s e d  a s  
c o m p a r i s o n ,  CFU/ml d r o p p e d  s t e a d i l y  when up t o  1 . 0  M s a l t  
was added  ( T a b l e  4-). With t h e  e x c e p t i o n  o f  ^ 260^ ,  30 % o r  
l e s s  o f  t h e  c o l o n i e s  d e v e l o p e d  a t  1 . 0  M s u p p l e m e n t a l  s a l t .
L e s s  t h a n  20 % o f  t h e  c o l o n i e s  d e v e l o p e d  a t  s u p p l e m e n t a l  s a l t  
c o n c e n t r a t i o n s  g r e a t e r  t h a n  2 . 1  M. No c o l o n i e s  d e v e l o p e d  a t
3 .2 5  M s u p p l e m e n t a l  s a l t s .  Taxonomy o f  t h e  b a c t e r i a l  c e l l s  
f rom t h e  m os t  s a l t - t o l e r a n t  c o l o n i e s  was s i m i l a r  t o  t h a t  f o r  
N a C l - t o l e r a n t  b a c t e r i a .  The d a t a  was s u p p o r t e d  by  t h e  
A ugus t  w a t e r  sam ple  ( T a b l e  5 ) .  L i  and  NO^ w ere  u s e d  a t  
c o n c e n t r a t i o n s  o r d e r s  o f  m a g n i tu d e  g r e a t e r  t h a n  t h o s e  o f  
t h e  e s t u a r y  ( S v e r d r u p  e t  a l . ,  194-2 ) .  The d a t a  i n d i c a t e d  
t h a t  t h e  s u r v i v a l  o f  t h e  e s t u a r i n e  b a c t e r i a l  p o p u l a t i o n  i n  
t h e  p r e s e n c e  o f  o t h e r  s a l t s  was s i m i l a r  t o  t h e  r e s p o n s e  t o  
s u p p l e m e n t a l  NaCl. S a l t  s t r e s s  was n o t  NaCl s p e c i f i c .  
S a l t - t o l e r a n t  b a c t e r i a l  c e l l s ,  s i m i l a r  t o  N a C l - t o l e r a n t  
c e l l s ,  were  o b t a i n e d .
B. I d e n t i f i c a t i o n  o f  N a C l - T o l e r a n t  B a c t e r i a l  S p e c i e s .
S u p p le m e n ta l  NaCl and o t h e r  s a l t s  s e l e c t e d  c o n s i s t e n t l y  
f o r  t a x o n o m i c a l l y  s i m i l a r  b a c t e r i a l  c e l l s .  D i a g n o s t i c  t e s t s  
were  c o n d u c t e d  t o  d e t e r m i n e  t h e  i d e n t i t y  o f  t h e s e  b a c t e r i a .  
E x c e p t  where  n o t e d ,  t e s t s  were  p e r f o r m e d  a t  20 C e i t h e r  
s t a t i c a l l y  o r  sh a k e n  a t  200 rpm i n  m o d i f i e d  2216E medium 
p r e p a r e d  w i t h  26 p p t  L and F s y n t h e t i c  s e a w a t e r  w i t h
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s u p p l e m e n t a l  NaCl c o n c e n t r a t i o n s  r a n g i n g  f rom  0 . 0  t o  3.4-5 M. 
I n  c o n n e c t i o n  w i t h  t h e  r e p l i c a - p l a t e  t e c h n i q u e ,  p a r e n t  
b a c t e r i a l  c o l o n i e s  which  d e v e l o p e d  on m o d i f i e d  2216E a g a r  
medium and w h ic h  c o r r e s p o n d e d  t o  N a C l - t o l e r a n t  c o l o n i e s  a t  
s u p e r i m p o s a b l e  s i t e s  on N a C l - s u p p le m e n te d  medium w ere  p i c k e d  
t o  a i d  i n  t h e  i d e n t i f i c a t i o n  o f  t h e  h a l o t o l e r a n t  b a c t e r i a l  
s p e c i e s .  B a c t e r i a  c u l t u r e d  i n  m o d i f i e d  2216E medium w ere  
r o d - s h a p e d ,  0.5 - 0.7 x  1.5 -  1 . 8  yin, v a r y i n g  t o  1.5 -  2 . 0  
x  3 . 0  -  5 - 0  ym i n  t h e  medium s u p p le m e n te d  w i t h  3-4-5 ft NaCl 
( F i g s .  4 - 1 0 ) .  C e l l s  o c c u r r e d  s i n g l y  o r  i n  p a i r s  ( F i g s .  4B, 
4C, 4 D ) , were  m o t i l e  w i t h  p o l a r  m o n o t r i c h o u s  f l a g e l l u m  a t  
s u p p l e m e n t a l  NaCl c o n c e n t r a t i o n s  f rom 0 . 0  t o  0 . 9 0  M ( F i g s .
8A, 8B, 9A, 10B) v a r y i n g  t o  n o n m o t i l e  w i t h  l o s s  o f  f l a g e l l u m  
a t  s u p p l e m e n t a l  NaCl c o n c e n t r a t i o n s  g r e a t e r  t h a n  1 . 3 0  M 
( F i g s .  8C-F,  9B, 9C, 9D, IOC, 10D).  No g r o w th  t o o k  p l a c e  i n  
d i s t i l l e d  w a t e r  medium. The c e l l s  w ere  g r a m - n e g a t i v e ,  h a d  no 
c a p s u l e s  ( I n d i a n  i n k  s t a i n ) ,  and  s p o r e s  ( m a l a c h i t e  g r e e n  
s t a i n )  were  a b s e n t .
C o l o n i e s  were  n o n p ig m e n te d ,  v a r y i n g  f rom 2 - 3  mm 
d i a m e t e r ,  c i r c u l a r ,  sm ooth ,  r a i s e d  on m o d i f i e d  2216E a g a r  
medium, on E x t r a c t  Agar  (BBL) p r e p a r e d  w i t h  d i s t i l l e d  w a t e r ,  
and on B a c t o - M a r in e  Agar  2216 ( D i f c o )  p r e p a r e d  w i t h  d i s t i l l e d  
w a t e r .  On m o d i f i e d  2216E a g a r  medium s u p p l e m e n te d  w i t h  NaCl 
c o n c e n t r a t i o n s  r a n g i n g  f rom  2 . 1 5  t o  3*4-5 c o l o n i e s  w ere  
r e d u c e d  t o  1 - 2  mm d i a m e t e r .  No d i f f u s i b l e  f l u o r e s c e n t  
p i g m e n t s  were  p r o d u c e d .
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O rg a n ic  g ro w th  f a c t o r s  were n o t  r e q u i r e d .  The c u l t u r e  
was n u t r i t i o n a l l y  v e r s a t i l e ,  a b l e  t o  u s e  g l u c o s e ,  r i b o s e ,  
N a - a c e t a t e ,  N a - l a c t a t e ,  a nd  N a - c i t r a t e  a s  s o l e  s o u r c e s  o f  
c a r b o n ,  u n a b l e  t o  u t i l i z e  g l y c e r o l ,  c e l l u l o s e ,  o r  p o l y - B -  
h y d r o x y b u t y r a t e  a s  s o l e  c a r b o n  s o u r c e s .  The c e l l s  d i d  n o t  
a c c u m u l a t e  p o l y - $ - h y d r o x y b u t y r a t e .  The c e l l s  w e re  a b l e  t o  
u s e  NH^ and NO^ a s  s o l e  n i t r o g e n  s o u r c e s  b u t  w e re  u n a b l e  t o  
u s e  c r e a t i n i n e  a n d  c r e a t i n e  a s  s o l e  n i t r o g e n  a n d / o r  c a r b o n  
s o u r c e s .  The c e l l s  were u n a b l e  t o  u s e  n i c o t i n e  o r  t h i o t o n e  
f o r  g ro w th  and  u n a b l e  t o  f i x  m o l e c u l a r  n i t r o g e n .  Ac id  was 
p r o d u c e d  from g l u c o s e ,  l a c t o s e ,  s u c r o s e ,  g a l a c t o s e ,  f r u c t o s e ,  
m an no se ,  m a l t o s e ,  d e x t r i n ,  s a l a c i n ,  r i b o s e ,  and  s o r b i t o l .
No a c i d  was p r o d u c e d  from g l y c e r o l ,  rh a m n o s e ,  x y l o s e ,  
r a f f i n o s e ,  m a n n i t o l ,  a r a b i n o s e ,  o r  i n o s i t o l .  M e ta b o l i s m  was 
a lw a y s  r e s p i r a t o r y ,  n e v e r  f e r m e n t a t i v e .  The c e l l s  p r o d u c e d  
no g a s  o r  a l k a l i n e  r e a c t i o n s .  G e l a t i n ,  s t a r c h ,  u r e a ,  o r  
p o l y - 0 - h y d r o x y b u t y r a t e  w e re  n o t  h y d r o l y z e d .  N i t r a t e  was 
d e n i t r i f i e d  w e a k l y .  L i tm u s  m i l k  and  brom c r e s o l  m i l k  r e m a in e d  
u n c h a n g e d .  P o l y e t h y l e n e  s o r b i t a n  m o n o o le a t e  (Tween 80) was 
h y d r o l y z e d  i n d i c a t i n g  e x t r a c e l l u l a r  l i p a s e  p r o d u c t i o n .
A r g i n i n e  d i h y d r o l a s e ,  l y s i n e  d e c a r b o x y l a s e ,  and p h o s p h a t a s e  
were  p r o d u c e d .  I n d o l e ,  I ^ S ,  o r  a c e t y l m e t h y l c a r b i n o l  were  
n o t  p r o d u c e d .  The c e l l s  w e r e  s e n s i t i v e  t o  t e t r a c y c l i n e  
(3 0  p g ) ,  s t r e p t o m y c i n  (1 0  p g ) ,  C h l o r o m y c e t i n  ( 3 0  p g ) , 
p o ly m y x in  (30  p g ) , and e r y t h r o m y c i n  ( 3 0  pg) ; t h e y  were  
i n s e n s i t i v e  t o  p e n i c i l l i n  (1 0  u n i t s ) ,  t r i s u l f a  ( 1 0  p g ) , and 
0 / 1 2 9  V i b r i o s t a t ,  p t e r i d i n e ,  (30  p g ) .  The c e l l s  w ere
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o b l i g a t e l y  a e r o b i c  w i t h  an  o p t i m a l  t e m p e r a t u r e  2 0 - 2 5  C and 
t e m p e r a t u r e  r a n g e  4 - 3 7  C. The o p t i m a l  pH was 6 . 5 - 8 . 0 ,  and  
t h e  pH r a n g e  4 . 5 - 8 . 5 -  C a t a l a s e  a n d  o x i d a s e  w ere  p o s i t i v e .
S i n c e  p h e n e t i c  s t u d i e s  w e r e  d e p e n d e n t  l a r g e l y  upon  
c u l t u r a l  c o n d i t i o n s  a n d  i n v o l v e d  o n l y  a f r a c t i o n  o f  t h e  
b a c t e r i a l  genome, up  t o  20 %, b a s e p a i r  and  p o l y n u c l e o t i d e  
s e q u e n c e  homology s t u d i e s  were  p e r f o r m e d  t o  a s s i s t  i n  
c l a s s i f y i n g  and  d e t e r m i n i n g  t h e  s i m i l a r i t y  b e tw e e n  t h e  s m a l l ,  
m o t i l e ,  b a c t e r i u m  and t h e  l a r g e ,  n o n m o t i l e ,  N a C l - t o l e r a n t  
b a c t e r i u m .  The g u a n i n e  p l u s  c y t o s i n e  (GG) m o l a r  p e r c e n t  o f  
t h e  UNA e x t r a c t e d  f ro m  t h e  N a C l - t o l e r a n t  b a c t e r i u m  grown i n  
m o d i f i e d  2216E medium and medium s u p p le m e n te d  w i t h  1 . 7 0 ,
2 . 6 0 ,  and 3.4-5 M NaCl was 6 3 . 2 7  -  0 . 0 1  (b y  b u o y a n t  d e n s i t y )  
and  6 3 .1 8  -  1 . 0 2  (by  t h e r m a l  m e l t i n g )  ( T a b l e  6 ) .  T hus ,  t h e  
o rg a n i s m  grown i n  u n s u p p le m e n te d  and  N a C l - s u p p le m e n te d  medium 
was a  p u r e  c u l t u r e  w h ic h  was s t a b l e  g e n e t i c a l l y .
DNA-DNA h y b r i d i z a t i o n s  w e re  p e r f o r m e d  on t h e  N aC l-
t o l e r a n t  b a c t e r i u m  grown i n  m o d i f i e d  2216E medium and  t h e
medium su p p le m e n te d  w i t h  2 .6 0  M N a C l .  When t h e  amount o f
32h y b r i d i z a t i o n  w h ich  o c c u r r e d  b e t w e e n  ^ P -DNA and  u n l a b e l l e d  
DNA from  t h e  b a c t e r i u m  grown a t  t h e  same NaCl c o n c e n t r a t i o n  
was u s e d  a s  c o m p a r i s o n ,  g r e a t e r  t h a n  87 % h y b r i d i z a t i o n  
o c c u r r e d  b e tw e e n  t h e  DNA e x t r a c t e d  f rom  t h e  s m a l l ,  m o t i l e  
b a c t e r i u m  grown i n  u n s u p p l e m e n te d  medium and  t h e  DNA e x t r a c t e d  
f ro m  t h e  l a r g e ,  n o n m o t i l e  b a c t e r i u m  grown i n  2 . 6 0  M s u p p l e -  
m en ted-N aC l  medium ( T a b l e  7 ) .  S i n c e  two DNA s t r a n d s  a r e  
c o n s i d e r e d  a l i k e  i f  t h e  h y b r i d i z a t i o n  i s  75 % o r  g r e a t e r
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( M i l l e r ,  1 9 7 2 ) ,  t h e  DNA e x t r a c t e d  f rom  t h e  h a l o t o l e r a n t  
h a c t e r i u m  grown i n  u n s u p p le m e n te d  and  N a C l - s u p p le m e n te d  
medium was s i m i l a r .
The d i a g n o s t i c  t e s t s  i n d i c a t e d  t h a t  s u p p l e m e n t a l  NaCl 
s e l e c t e d  c o n s i s t e n t l y  f o r  a  t a x o n o m i c a l l y  s i m i l a r  h a l o t o l e r a n t  
b a c t e r i u m .  T h i s  b a c t e r i u m  was g r a m - n e g a t i v e ,  r o d - s h a p e d ,  
c a t a l a s e  and  o x i d a s e  p o s i t i v e ,  1 . 5  -  2 . 0  x  3 - 0  -  5*0 ym 
o b l i g a t e l y  a e r o b i c ,  w i t h  a GC m o la r  p e r c e n t  o f  6 3 .  The 
o rg a n is m  was g e n e t i c a l l y  s t a b l e  and f r e e  o f  c o n t a m i n a t i o n .
When grown i n  u n s u p p le m e n te d  medium, t h e  b a c t e r i u m  demon­
s t r a t e d  s i m i l a r  c h a r a c t e r i s t i c s  a s  when grown i n  NaCl-  
s u p p le m e n te d  medium, e x c e p t  t h a t  i t  was s m a l l e r  and m o t i l e .
On the b a s is  o f  the p h enetic  and g e n e t ic  t e s t s ,  the bacterium  
corresponded to  the d e sc r ip t io n  for  th e  genus Pseudomonas 
as presented  in  the 8th  e d it io n  of B ergey's Manual of  
Determinative B acter io logy  (1974) and in  A Guide to  the  
I d e n t i f i c a t io n  of the Genera of B acter ia  (Skerman, 1967).
The b a c t e r i u m  d e m o n s t r a t e d  a  t o l e r a n c e  t o  3 - 4 5  M s u p p l e m e n t a l  
NaCl .  I n  a c c o r d a n c e  w i t h  t h e  I n t e r n a t i o n a l  Code o f  Nomen­
c l a t u r e  ( 1 9 7 5 ) ,  t h e  b a c t e r i u m  was d e s c r i b e d  a s  a  new s p e c i e s ,  
Pseudomonas h a l o d u r a n s . The s p e c i e s  was n o t  s i m i l a r  t o  o t h e r  
s p e c i e s  o f  Pseudomonas l i s t e d .  The s p e c i e s  name c o m p l i e d  w i t h  
Recommendation  12C o f  The Code a s  i t  d e s c r i b e d  a p r o p e r t y  o f  
t h e  s p e c i e s — t h e  a b i l i t y  t o  t o l e r a t e  h i g h  c o n c e n t r a t i o n s  o f  
NaCl.
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C. P h y s i o l o g i c a l  R e s p o n s e s  o f  P .  h a lo d u y a f lg t o  NaCl.
1. Growth R esp o n se  t o  S a l i n i t y  V a r i a t i o n s .
S i n c e  P .  h a l o d u r a n s  was i s o l a t e d  f rom  e s t u a r i n e  w a t e r  
i n  w h ic h  s a l i n i t y  f l u c t u a t i o n s  o c c u r r e d ,  a  d e t e r m i n a t i o n  o f  
s a l i n i t y  v a r i a t i o n s  on t h e  g ro w th  o f  P .  h a l o d u r a n s  i n  m o d i f i e d  
2216E medium was u n d e r t a k e n .  M o d i f i e d  2216E medium w i t h  
a d j u s t e d  s a l i n i t i e s  was e n t e r e d  i n  100 ml am oun ts  i n t o  250 ml 
E r l e n m e y e r  f l a s k s ,  s t e r i l i z e d ,  and  i n o c u l a t e d  w i t h  1 . 0  ml o f  
P .  h a l o d u r a n s  washed t w i c e  i n  L and  F s y n t h e t i c  s e a w a t e r  made 
i s o t o n i c  t o  26 p p t  L and  F s e a w a t e r  w i t h  1 .0 9 7  M g l y c e r o l .
F l a s k s  were  i n c u b a t e d  a t  20 C and  200 rpm. A f t e r  h o u r l y  
i n t e r v a l s ,  g ro w th  was m easu red  a s  o p t i c a l  d e n s i t y  a t  420 nm.
P.  h a l o d u r a n s  grew o p t i m a l l y  a t  a s a l i n i t y  o f  28 p p t  
( T a b l e  8 ) .  A h i g h  s a l i n i t y  o f  t h e  G r e a t  Bay e s t u a r y  d u r i n g  
1973 -  1975 was 28 p p t .  Growth i n  21 and 35 p p t  s a l i n i t y  
medium was s u b o p t i m a l .  No g r o w th  o c c u r r e d  a t  0 ,  3*5, 245 ,  
o r  350 p p t  s a l i n i t y  o v e r  a  p e r i o d  o f  168 h .  T h u s ,  P.  h a l o d u r a n s  
d e v e l o p e d  o p t i m a l l y  i n  c u l t u r e  a t  e s t u a r i n e  s a l i n i t i e s .  T o t a l  
s a l i n i t i e s  o f  g r e a t e r  t h a n  175  p p t  p r e v e n t e d  g r o w th  i n d i c a t i n g  
t h a t  NaCl was n o t  a s  i n h i b i t o r y  a s  o t h e r  s a l t s  i n  s e a w a t e r  
s i n c e  3 .4 5  M s u p p l e m e n t a l  NaCl a l l o w e d  g ro w th  i n  m o d i f i e d  
2216E medium.
2 .  M a jo r  I o n  R e q u i r e m e n t s  o f  P .  h a l o d u r a n s .
A l th o u g h  Na and Cl a r e  t h e  m ost  a b u n d a n t  i o n s  i n  
s e a w a t e r ,  o t h e r  m a j o r  i o n s  su ch  a s  Mg, K, Ca, SO^, and Br 
h a v e  s i g n i f i c a n t  e f f e c t s  on m a r i n e  b a c t e r i a  (MacLeod, 1 9 6 8 ) .
I n  o r d e r  t o  s t u d y  i o n i c  e f f e c t s  on  P .  h a l o d u r a n s , s p e c i f i c
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inorganic s a l t s  were d e le te d  from or reduced in  L and F 
sy n th e t ic  seawater where g lu cose  was the s o le  energy source 
in  the medium. Equimolar g ly c e r o l  (1 .097  M) was used to  
su b s t i tu te  for  d e le te d  or reduced inorganic s a l t s  (MacLeod 
and Onofrey, 195&). P r e - s t e r i l i z e d  t e s t  tubes contain ing  
5 ml o f  s t e r i l e  medium w ith  pH adjusted  with 6 N NH^OH were 
in ocu la ted  with 0 . 0 5  ml o f  washed c e l l  suspension  o f  P. 
halodurans. The t e s t  tubes were incubated a t  20 C and 200 
rpm and observed tu r b id im e tr ic a l ly .
O pt im a l  g ro w th  o c c u r r e d  a t  NaCl c o n c e n t r a t i o n s  of  
100 t o  500 mM ( T a b l e  9 ) .  T hese  s a l i n i t i e s  r e p r e s e n t e d  t h e  
r a n g e  o f  NaCl c o n c e n t r a t i o n s  o f  t h e  e s t u a r y .  Growth was 
s u b o p t i m a l  a t  NaCl c o n c e n t r a t i o n s  b e lo w  100 mM. No grow th  
o c c u r r e d  i n  t h e  a b s e n c e  o f  NaCl i n  t h e  medium. T hus ,  P .  
h a l o d u r a n s  d e m o n s t r a t e d  a n  o b l i g a t e  Na r e q u i r e m e n t  above  
10 mM. A u t o l y s i s  o c c u r r e d  i n  c u l t u r e s  i n c u b a t e d  l o n g e r  th a n  
24 h  a s  i n d i c a t e d  b y  d e c r e a s i n g  t u r b i d i t y .
P .  h a l o d u r a n s  d i d  n o t  grow i n  t h e  a b s e n c e  o f  e i t h e r  
Na s a l t s  o r  NaCl d e l e t e d  f rom  L and  F s y n t h e t i c  s e a w a t e r  
( T a b l e  10 ,  Tubes  1 and 2 ) .  A minimum o f  55 mM NaCl was 
n e e d e d  f o r  g ro w th  (Tube 4 ) .
No g r o w th  o c c u r r e d  i n  t h e  a b s e n c e  o f  M gC ^ o r  i n  t h e  
p r e s e n c e  o f  4  mM MgClg ( T a b l e  10,  T u bes  9 and  1 0 ) .  A minimum 
o f  8 mM MgClg was n e ed e d  f o r  g ro w th  (Tube 1 1 ) .
No g ro w th  o c c u r r e d  i n  t h e  a b s e n c e  o f  C a C ^  o r  i n  t h e  
p r e s e n c e  o f  1 . 5  mM C a C ^  ( T a b l e  1 0 ,  Tubes 13 a nd  1 4 ) .  A 
minimum o f  3 mM C a C ^  was n e e d e d  f o r  g row th  (Tube  15)*
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A l th o u g h  P .  h a l o d u r a n s  r e q u i r e d  KC1 f o r  g ro w th  ( T a b l e  
10,  T ubes  16 and 2 0 , ) i t  d i d  n o t  r e q u i r e  S r C l ^ ,  H^BO^, and 
KBr (T ub es  1 7 ,  18 and 1 9 ) .
T h u s ,  P .  h a l o d u r a n s  had  an  o b l i g a t e  r e q u i r e m e n t  above 
35 mM NaCl, 8 mM M g C ^ ,  3 mM C a C ^ ,  a n d  4 mM KC1 f o r  g ro w th .  
These  c o n c e n t r a t i o n s  w e re  a p p r o x i m a t e l y  0 . 1 ,  0 . 1 6 ,  0 . 3 ,  and 
0 . 4  t i m e s ,  r e s p e c t i v e l y ,  t h e i r  e s t u a r i n e  c o n c e n t r a t i o n s .
To d e t e r m i n e  f u r t h e r  NaCl, KC1, M g C ^ ,  and  C a C ^  
c o n c e n t r a t i o n s  t h a t  p r o d u c e d  o p t i m a l  g ro w th  o f  P .  h a l o d u r a n s , 
a s  w e l l  a s  t o  d e t e r m i n e  t h e  i n t e r a c t i o n s  b e tw e e n  Na and  K 
and Mg and  Ca, t h e  f o l l o w i n g  i n v e s t i g a t i o n  was u n d e r t a k e n .  
P i v e  ml o f  s t e r i l e  g l u c o s e  s e a w a t e r  medium p r e p a r e d  w i t h  
s y n t h e t i c  s e a w a t e r  i n  w h ic h  e i t h e r  t h e  NaCl c o n c e n t r a t i o n  
r a n g e d  f rom  0 t o  500 mM, t h e  KC1 c o n c e n t r a t i o n  f rom  0 t o  100 
mM, t h e  M gC ^  c o n c e n t r a t i o n  from 0 t o  100 mM and  C a C ^  
c o n c e n t r a t i o n s  from 0 t o  100 mM w ere  added  t o  p r e s t e r i l i z e d  
t e s t  t u b e s .  The o s m o t i c  p r e s s u r e  was a d j u s t e d  w i t h  1 .0 9 7  M 
g l y c e r o l  a s  r e q u i r e d .  E ach  t u b e  was i n o c u l a t e d  w i t h  0 . 0 5  ml 
o f  t h e  washed P .  h a l o d u r a n s  c e l l  s u s p e n s i o n .  The t u b e s  were 
i n c u b a t e d  a t  20 C and  200  rpm.
O p t im a l  g ro w th  o f  P .  h a l o d u r a n s  o c c u r r e d  a t  NaCl 
c o n c e n t r a t i o n s  o f  100 t o  500 mM i n  t h e  p r e s e n c e  o f  10 and 
100 mM KC1 ( T a b l e  1 1 ) .  Growth was s u b o p t i m a l  a t  NaCl 
c o n c e n t r a t i o n s  be low  100 mM i n  t h e  p r e s e n c e  o f  10  and 100 mM 
KC1. No g ro w th  o c c u r r e d  i n  t h e  a b s e n c e  o f  e i t h e r  NaCl o r  
KC1 a f t e r  72 h .  No s p a r i n g  e f f e c t  o f  K f o r  Na o c c u r r e d .  
O p t im a l  g r o w th  o c c u r r e d  a t  NaCl (1 0 0  -  500 mM) and KC1
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c o n c e n t r a t i o n s  (1 0  mM) r e p r e s e n t a t i v e  o f  t h e  c o n c e n t r a t i o n s  
o f  t h e s e  two c a t i o n s  i n  t h e  e s t u a r y .  When KC1 c o n c e n t r a t i o n s  
were  0 t o  10  mM i n  2 mM i n c r e m e n t s ,  and  50 ,  90 ,  and  100 mM, 
o p t i m a l  g r o w th  o f  P .  h a l o d u r a n s  o c c u r r e d  b e tw e e n  10 and  100 
mM i n  t h e  p r e s e n c e  o f  200 a n d  500 mM NaCl ( T a b l e  1 2 ) .  Growth 
was s u b o p t i m a l  a t  KC1 c o n c e n t r a t i o n s  l o w e r  t h a n  10 mM and  a t  
50 mM NaCl.  Some s p a r i n g  o f  Na f o r  K was n o t e d  a t  4  and  6 mM 
KC1 i n  t h e  p r e s e n c e  o f  50 and  200 mM NaCl.  T hus ,  o p t i m a l  
g ro w th  o f  P .  h a l o d u r a n s  o c c u r r e d  a t  KC1 (1 0  mM) and  NaCl 
c o n c e n t r a t i o n s  (20 0  -  500 mM) s i m i l a r  t o  t h o s e  o f  t h e  e s t u a r y .  
I n c u b a t i o n  beyo n d  24 h d i d  n o t  i n c r e a s e  g ro w th .
I n  c o n n e c t i o n  w i t h  o t h e r  m a j o r  i o n s ,  M gC^  and  C a C ^  
w ere  u t i l i z e d  t o  d e t e r m i n e  o p t i m a l  c o n c e n t r a t i o n s  f o r  g ro w th  
o f  P .  h a l o d u r a n s . When M gC ^  c o n c e n t r a t i o n s  o f  1 ,  10 ,  2 5 ,
5 0 ,  and 100 mM and  C a C ^  c o n c e n t r a t i o n s  o f  10 and  100 mM were 
u s e d ,  o p t i m a l  g ro w th  o f  P .  h a l o d u r a n s  o c c u r r e d  a t  50 mM M gC^ 
and 10 and 100 mM C a C ^  ( T a b l e  1 5 ) .  Growth was s u b o p t i m a l  a t  
MgCl2 c o n c e n t r a t i o n s  o t h e r  t h a n  50 mM, i n  t h e  p r e s e n c e  o f  10 
and 100 mM C a C ^ .  No g r o w th  o c c u r r e d  i n  t h e  a b s e n c e  o f  e i t h e r  
MgCl2 o r  C a C ^  a f t e r  72 h .  No s p a r i n g  e f f e c t  o f  Ca f o r  Mg 
was e v i d e n t .  O p t im a l  g r o w t h  o f  P .  h a l o d u r a n s  o c c u r r e d  a t  
MgCl2 (50  mM) and  C a C ^  c o n c e n t r a t i o n s  (1 0  mM) s i m i l a r  t o  
t h o s e  o f  t h e  e s t u a r y .
When CaCl2 c o n c e n t r a t i o n s  w ere  0 ,  1 ,  5 ,  5 ,  10 ,  2 5 ,  
and  50 mM and  M gC ^  c o n c e n t r a t i o n s  w ere  0 . 0 ,  5 0 ,  and  100 mM, 
o p t im a l  g ro w th  o f  P .  h a l o d u r a n s  o c c u r r e d  a t  10 mM CaClg and 
50 and 100 mM M gC ^ ( T a b l e  1 4 ) .  S u b o p t im a l  g ro w th  was e v i d e n t
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a t  CaClg c o n c e n t r a t i o n s  o t h e r  t h a n  10 mM i n  t h e  p r e s e n c e  o f  
50 a n d  100 mM M g C ^ .  No s p a r i n g  e f f e c t  o f  Mg f o r  Ca was 
e v i d e n t .  Thus ,  o p t i m a l  g r o w t h  o f  P .  h a l o d u r a n s  o c c u r r e d  a t  
CaCl2 (1 0  mM) a n d  MgC^ c o n c e n t r a t i o n s  (5 0  mM) r e p r e s e n t a t i v e  
of e s t u a r i n e  c o n c e n t r a t i o n s .
P.  h a l o d u r a n s  d e m o n s t r a t e d  an  o b l i g a t e  r e q u i r e m e n t  
f o r  Na, K, Mg, a n d  Ca. A s t u d y  was u n d e r t a k e n  t o  d e t e r m i n e  
i f  s i m i l a r  o b l i g a t e  r e q u i r e m e n t s  b y  t h e  b a c t e r i u m  f o r  C l ,
SO^, a n d  Br ,  t h e  m a jo r  a n i o n s  i n  s e a w a t e r ,  e x i s t e d .  F i v e  ml 
o f  s t e r i l e  g l u c o s e  s e a w a t e r  medium p r e p a r e d  w i t h  L and  F 
s y n t h e t i c  s e a w a t e r  i n  w h ich  t h e  a n i o n  c o n c e n t r a t i o n s ,  ( 0  t o  
200 mM) were a d d e d  a s  t h e i r  Na s a l t s  were C l ,  Br,  o r  SO^, 
r e s p e c t i v e l y ,  a d d e d  t o  p r e - s t e r i l i z e d  t e s t  t u b e s .  E ac h  t u b e  
was i n o c u l a t e d  w i t h  0 .0 5  ml o f  t h e  washed P .  h a l o d u r a n s  c e l l  
s u s p e n s i o n .  The t u b e s  w e re  i n c u b a t e d  a t  2 0  C and 200 rpm and 
o b s e r v e d  t u r b i d i m e t r i c a l l y .
O p t im a l  g ro w th  o f  P .  h a l o d u r a n s  o c c u r r e d  a t  2 0 0  mM 
C l ,  B r ,  o r  SO^ ( T a b l e  1 5 ) .  S u b o p t im a l  g r o w t h  o c c u r r e d  b e lo w  
200 mM o f  e ac h  a n i o n  c o n c e n t r a t i o n .  No g r o w t h  was e v i d e n t  
i n  t h e  a b se n c e  o f  t h e s e  a n i o n s  i n  t h e  medium a f t e r  72 h .
S i n c e  mole  f o r  m o le ,  Br and  SO^ were  a s  e f f e c t i v e  a s  C l  i n  
p r o m o t i n g  g r o w th  o f  P .  h a l o d u r a n s , t h e  o r g a n i s m  d e m o n s t r a t e d  
a  r e q u i r e m e n t  f o r  an  a n i o n  w h ic h  was s a t i s f i e d  by C l ,  B r ,  o r  
SO^ a l o n e .  The amount o f  a n i o n  r e q u i r e d  f o r  growth was 
(1 mM).
P .  h a l o d u r a n s  i n  c u l t u r e  d e m o n s t r a t e d  an o b l i g a t e  
r e q u i r e m e n t  f o r  t h e  most a b u n d a n t  c a t i o n s  i n  s e a w a t e r  (N a ,
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Mg, K, G a ) .  The o p t i m a l  c o n c e n t r a t i o n s  o f  t h e s e  i o n s  f o r  
g ro w th  w ere  s i m i l a r  t o  t h e i r  c o n c e n t r a t i o n  i n  t h e  e s t u a r y  
f rom  w h ich  t h e  o r g a n i s m  was i s o l a t e d .  The l a c k  o f  s p a r i n g  
b e tw e e n  Na and  K, and  Mg and Ca i n d i c a t e d  t h a t  t h e  f u n c t i o n  
o f  t h e s e  i o n s  i n  t h e  g r o w th  o f  P .  h a l o d u r a n s  was n o t  i n t e r ­
c h a n g e a b l e .
3. Growth R espo n se  o f  P . h a d o d u r a n s  t o  S u p p l e m e n t a l  N a C l .
S i n c e  s u p p l e m e n t a l  NaCl c o n c e n t r a t i o n s  up t o  2 . 6 0  M 
s e l e c t e d  c o n s i s t e n t l y  f o r  a  h a l o t o l e r a n t  b a c t e r i u m  i d e n t i f i e d  
a s  P .  h a l o d u r a n s , a  s t u d y  t o  d e t e r m i n e  t h e  e f f e c t s  o f  
s u p p l e m e n t a l  NaCl on a p u r e  c u l t u r e  o f  t h e  b a c t e r i u m  was 
u n d e r t a k e n .  M o d i f i e d  2216E medium and t h e  medium s u p p le m e n te d  
w i t h  0 . 0 ,  0 . 9 0 ,  1 . 7 0 ,  2 . 6 0 ,  3 . 4 5 ,  and  4 . 3 0  M NaCl a s  100 ml 
vo lum es  i n  250 ml E r l e n m e y e r  f l a s k s  w ere  s t e r i l i z e d  and 
i n o c u l a t e d  w i t h  1 . 0  ml o f  t h e  s t a n d a r d  i n o c u l u m .  F l a s k s  were  
i n c u b a t e d  a t  20  C and 200  rpm and  sam pled  p e r i o d i c a l l y  f o r  
144 h f o r  o p t i c a l  d e n s i t y  and o b s e r v e d  m i c r o s c o p i c a l l y  f o r  
m o r p h o l o g i c a l  c h a n g e s .
The p r e s e n c e  o f  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  NaCl 
r e s u l t e d  i n  p r o l o n g i n g  t h e  l a g  p h a s e  ( F i g .  1 1 ) .  The l a g  
p h a s e  o f  P .  h a l o d u r a n s  i n  t h e  p r e s e n c e  o f  1 . 2 0  M NaCl was 
e x te n d e d  1 . 5  h ,  b u t  t h e  s l o p e  o f  t h e  c u r v e  and  t h e  maximum 
o p t i c a l  d e n s i t y  were  s i m i l a r  t o  t h a t  i n  m o d i f i e d  2216E medium. 
As t h e  t o t a l  NaCl c o n c e n t r a t i o n  i n c r e a s e d  t o  2 . 0 0 ,  2 . 9 0 ,  and 
3.75 M, t h e  l a g  p h a s e  was e x t e n d e d  7 , 12,  and  57 h ,  
r e s p e c t i v e l y .  No g r o w t h  o c c u r r e d  o v e r  a  p e r i o d  o f  144 h  i n
4 . 6 0  M N aC l .  The g ro w th  r a t e  d u r i n g  t h e  l o g a r i t h m i c  p h a s e  o f
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g r o w th  was d e c r e a s e d  w i t h  e a c h  i n c r e a s e  i n  NaCl c o n c e n t r a t i o n  
g r e a t e r  t h a n  1 . 2 0  M.
S i n c e  t h e  l i g h t  t r a n s m i t t a n c e  d e p e n d s  u p o n  t h e  s i z e  
and sh a p e  o f  t h e  p a r t i c l e s ,  a s  w e l l  a s  t h e i r  n u m b ers ,  t h e  
v a l u e s  show t h e  i n i t i a t i o n  o f  g r o w t h ,  g e n e r a l  sh a p e  o f  t h e  
c u r v e ,  and  t h e  t im e  o f  a t t a i n m e n t  o f  maximum o p t i c a l  d e n s i t y  
a t  e a c h  NaCl c o n c e n t r a t i o n  and n o t  n e c e s s a r i l y  a b s o l u t e  
c h a n g e s  i n  c e l l  num bers .  To d e t e r m i n e  t h e  r e l a t i o n  b e tw e e n  
c e l l  numbers  and  d r y  w e i g h t ,  and o p t i c a l  d e n s i t y ,  t h e  f o l l o w i n g  
e x p e r i m e n t  was p e r f o r m e d .  A l i q u o t s  ( 1 . 0  m l)  o f  t h e  c u l t u r e s  
were  removed p e r i o d i c a l l y  and  d i l u b e d  i n  9 . 0  ml o f  L and F 
s y n t h e t i c  s e a w a t e r  made i s o t o n i c  t o  t h e  g r o w th  medium w i t h  
NaCl ( w / v ) .  D i l u t e d  c e l l  s u s p e n s i o n s  ( 0 . 1  ml)  w ere  e n u m e ra te d  
by  s p r e a d  p l a t e  a f t e r  10 d a y s  i n c u b a t i o n  a t  20 C on  m o d i f i e d  
2216E medium o f  t h e  c o r r e s p o n d i n g  NaCl c o n c e n t r a t i o n  a s  t h e  
g r o w th  c u l t u r e .  D i r e c t  c o u n t s  u s i n g  a P e t r o f f - H a u s e r  c o u n t i n g  
chamber  were p e r f o r m e d  on 1 . 0  ml a l i q u o t s  o f  t h e  c u l t u r e s  
f i x e d  w i t h  10 % f o r m a l i n  a n d  c o u n te d  m i c r o s c o p i c a l l y .  Dry 
w e i g h t s  o f  1 . 0  ml a l i q u o t s  o f  t w i c e  washed c e l l s  w e re  d e t e r ­
mined a f t e r  d r y i n g  a t  100 C f o r  4-8 h i n  t a r e d  aluminum 
w e ig h in g  p a n s .
At 0 . 0 ,  0 . 9 0 ,  1 . 7 0 ,  and  2 . 6 0  M s u p p l e m e n t a l  NaCl,  
CFU/ml, d i r e c t  c o u n t ,  and  d r y  w e i g h t  i n c r e a s e s  c o i n c i d e d  
w i t h  i n c r e a s e s  i n  t h e  o p t i c a l  d e n s i t y  o f  t h e  c u l t u r e  ( T a b l e
1 6 ) .  The c o r r e l a t i o n  b e tw e e n  CFU/ml and d i r e c t  c o u n t  
i n d i c a t e d  g r e a t e r  t h a n  90  % c e l l  v i a b i l i t y  and r e p r o d u c i b i l i t y  
u n d e r  i n c r e a s e d  NaCl s t r e s s .  At  3.4-5 M s u p p l e m e n t a l  NaCl
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o n l y  p l a t e  c o u n t s  were  d e te rm in ed ,  a t  t h e  s t a t i o n a r y  p h a s e .  
CFU/ml r a n g e d  f ro m  6 . 5  -  8 . 5  x  10®. The d a t a  i n d i c a t e d  t h a t  
o p t i c a l  d e n s i t y  was a  r e l i a b l e  i n d e x  f o r  d e t e r m i n i n g  t h e  
g ro w th  o f  P .  h a l o d u r a n s . The s p e c i f i c  g ro w th  r a t e  was 
maximal  ( 0 . 3 2 5 )  i n  u n s u p p le m e n te d  m o d i f i e d  2216E medium and  
d e c r e a s e d  s t e a d i l y  as  NaCl c o n c e n t r a t i o n s  i n c r e a s e d  ( T a b l e
1 7 ) .  At 3 -^ 5  M s u p p l e m e n t a l  NaCl, t h e  g ro w th  r a t e  was 
d e c r e a s e d  a p p r o x i m a t e l y  a n  o r d e r  o f  m a g n i t u d e .  C o n c u r r e n t  
w i t h  a  d e c r e a s e  i n  t h e  g r o w t h  r a t e  and  o p t i c a l  d e n s i t y  was a 
n e a r l y  2 0 - f o l d  i n c r e a s e  i n  t h e  l a g  p h a s e  com pared  t o  t h e  
u n s u p p le m e n te d  medium. The d a t a  was r e p r e s e n t a t i v e  o f  r e s u l t s  
o b t a i n e d  when P .  h a l o d u r a n s  was s t r e s s e d  w i t h  s i m i l a r  NaCl 
c o n c e n t r a t i o n s  i n  t h e  g l u c o s e  s e a w a t e r  medium ( T a b l e  1 7 ) .  
A l t h o u g h  o p t i m a l  g ro w th  o f  P .  h a l o d u r a n s  o c c u r r e d  a t  a NaCl 
c o n c e n t r a t i o n  a p p r o x i m a t i n g  t h a t  o f  t h e  e s t u a r y ,  t h e  o r g a n i s m  
was a b l e  t o  t o l e r a t e  and  r e p r o d u c e  a t  NaCl c o n c e n t r a t i o n s  
g r e a t e r  t h a n  1 2 - f o l d  e s t u a r i n e  c o n c e n t r a t i o n s  i n d i c a t i n g  i t s  
h a l o t o l e r a n c e .  P h a se  c o n t r a s t  m ic r o s c o p y  o f  l a t e  l o g a r i t h m i c  
p h a s e  P .  h a l o d u r a n s  c e l l s  i n d i c a t e d  a n  i n c r e a s e  i n  c e l l  
volume a s  NaCl c o n c e n t r a t i o n s  i n c r e a s e d .  A c t i v e l y  m o t i l e  
c e l l s  i n  u n s u p p le m e n te d  ( 0 . 3 0  M NaCl)  and 1 . 2 0  M NaCl medium 
were  0 . 5  -  0 . 7  x  1 . 5  -  1 - 7  ym and 0 . 7  -  1 . 0  x  1 . 5  -  2 . 0  ym, 
r e s p e c t i v e l y  ( F i g s .  6A and 6 B ) . As NaCl c o n c e n t r a t i o n  
i n c r e a s e d  t o  2 . 0 0 ,  2 . 9 0 , and  3 .7 5  M, c e l l s  w e re  n o n m o t i l e  
and m ea su re d  1 . 2  -  1 . 5  x  2 . 0  -  3 . 0  y m ,  1 . 5  -  2 . 0  x  3 . 0  -
4 . 0  y m ,  and 2 . 0  -  2 . 5  x  3 - 5  -  5 - 0  y m ,  r e s p e c t i v e l y  ( F i g s .
6C, 6D, and 6 E ) . C e l l  vo lum e a t  3 - 7 5  M NaCl was 21 vo lum es
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l a r g e r  t h a n  c e l l s  i n  u n s u p p l e m e n te d  m o d i f i e d  2216E medium. 
S i n c e  c e l l  s i z e  and m o t i l i t y  d i d  n o t  c h a n g e  m a r k e d ly  d u r i n g  
t h e  g ro w th  c y c l e  o f  P .  h a l o d u r a n s  i n  m o d i f i e d  2216E medium 
( F i g .  4 ) ,  m o r p h o l o g i c a l  a n d  m o t i l i t y  a l t e r a t i o n s  were  due  t o  
t h e  s u p p l e m e n t a l  medium NaCl.
T r a n s m i s s i o n  a n d  s c a n n i n g  e l e c t r o n  m ic r o s c o p y  o f  l a t e  
l o g a r i t h m i c  c e l l s  i n d i c a t e d  t h a t  P .  h a l o d u r a n s  a t  0 . 3 0  and
1 . 2 0  M NaCl was m o n o t r i c h o u s  p o l a r l y  f l a g e l l a t e d  ( F i g s .  8A, 
8B, 9A, and 10A and B ) . At NaCl c o n c e n t r a t i o n s  f rom 1 . 6 0  
t o  3.73  a  f l a g e l l u m  was a b s e n t  ( F i g s .  8C -  F, 9B -  D, and 
IOC and 10D).  The l o s s  o f  m o t i l i t y  a t  NaCl c o n c e n t r a t i o n s  
a p p r o x i m a t e l y  3 - 4  f o l d  t h o s e  o f  t h e  e s t u a r y  i n d i c a t e d  t h a t  
f l a g e l l a t i o n  was more s e n s i t i v e  t o  NaCl s t r e s s  t h a n  g r o w th  
and r e p r o d u c t i o n .
To p u r s u e  f u r t h e r  t h e  e f f e c t s  o f  s u p p l e m e n t a l  NaCl on 
P.  h a l o d u r a n s  c e l l s ,  2 . 6 0  M NaCl was a d d e d  t o  230 ml a l i q u o t  
o f  a n  e a r l y  l o g a r i t h m i c  p h a s e  c u l t u r e  ( 0D=0 . 2 5 ) f rom  m o d i f i e d  
2216E. The 2 . 6 0  M s u p p l e m e n t a l  NaCl p r o v i d e d  an a d e q u a t e  
s t r e s s  w i t h i n  72 h .  F l a s k s  i n c u b a t e d  a t  2 0  C and 200  rpm had
1 . 0  ml a l i q u o t s  removed a t  12, 2 4 ,  4 8 ,  a nd  72 h a f t e r  NaCl 
a d d i t i o n .
P h a se  c o n t r a s t  m ic r o s c o p y  i n d i c a t e d  t h a t  g r e a t e r  t h a n  
90 % o f  P .  h a l o d u r a n s  c e l l s  w ere  a p p r o x i m a t e l y  3 v o lu m e s  
l a r g e r  t h a n  u n s t r e s s e d  c e l l s  and m o t i l i t y  i n h i b i t e d  a f t e r  12 
h  NaCl a d d i t i o n  ( F i g .  7 A ) .  C e l l  volume i n c r e a s e d  t o  a b o u t  
5, 1 0 ,  and 20  volumes l a r g e r  t h a n  u n s t r e s s e d  c e l l s  a f t e r  24, 
4 8 ,  and  72 h ,  r e s p e c t i v e l y  ( F i g s .  7B -  P )«  Thus,  t h e  e f f e c t
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o f  s u p p l e m e n t a l  NaCl on  P .  h a l o d u r a n s  c e l l s  was r e l a t i v e l y  
s l o w ,  r e q u i r i n g  12 h  f o r  m o r p h o l o g i c a l  and  b e tw e e n  12 and 
24 h  f o r  m o t i l i t y  a l t e r a t i o n s  t o  o c c u r .
S i n c e  s u p p l e m e n t a l  NaCl a l t e r e d  t h e  m o rp h o lo g y  and 
m o t i l i t y  o f  P .  h a l o d u r a n s , an  i n v e s t i g a t i o n  t o  d e t e r m i n e  t h e  
e f f e c t  o f  s u b o p t i m a l  NaCl c o n c e n t r a t i o n s  on t h e  m o rph o log y  
a n d  m o t i l i t y  o f  t h e  b a c t e r i u m  was u n d e r t a k e n .  S t e r i l e  m o d i f i e d  
2216E medium a s  100 ml i n  250 ml E r le n m e y e r  f l a s k s  w i t h  t o t a l  
NaCl c o n c e n t r a t i o n s  o f  0 . 0 1 ,  0 . 0 5 ,  0 . 1 0 ,  a nd  0 . 3 0  M was 
i n o c u l a t e d  w i t h  1 . 0  ml o f  t h e  t w i c e  washed  s t a n d a r d  in o c u lu m .  
F l a s k s  were  i n c u b a t e d  a t  20 C a n d  200 rpm. P .  h a l o d u r a n s  
c e l l s  were  o b s e r v e d  m i c r o s c o p i c a l l y  and  p h o t o g r a p h e d  a t  t h e  
l a t e  l o g a r i t h m i c  g r o w th  p h a s e .
I n  t h e  p r e s e n c e  o f  0 . 0 1  M NaCl,  c e l l s  e x h i b i t e d  
l i m i t e d  m o t i l i t y  and  w ere  0 . 8  -  1 . 2  x  1 . 5  -  2 . 0  ^m ( F i g .  5A). 
C e l l s  were a c t i v e l y  m o t i l e  and v a r i e d  f rom  o v a l - s h a p e d  t o  
r o d - s h a p e d  a s  NaCl c o n c e n t r a t i o n s  i n c r e a s e d  from 0 . 5  t o  0 . 3 0  M 
NaCl ( F i g s .  5B -  D) .  The i n h i b i t i o n  i n  m o t i l i t y  and  t h e  
s w o l l e n  sh a p e  o f  t h e  c e l l s  a t  t h e  s u b o p t i m a l  NaCl c o n c e n t r a t i o n s  
o f  0 . 0 3 ,  0 . 1 5 ,  and 0 . 3  t i m e s  t h a t  i n  m o d i f i e d  2216E medium 
i n d i c a t e d  P .  h a l o d u r a n s  was a d a p t e d  o p t i m a l l y  t o  t h e s e  
c o n c e n t r a t i o n s .  These  h y p o t o n i c  s o l u t i o n s  s u g g e s t e d  some 
p r o b le m s  i n  o s m o r e g u l a t i o n  by  P .  h a l o d u r a n s .
4 .  Growth R esp o n se  o f  P .  h a l o d u r a n s  t o  G l y c e r o l  and  S u c r o s e .
S u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  up t o  3*45 M a l t e r e d  
m o t i l i t y  and  m o rp h o lo g y  o f  P .  h a l o d u r a n s  c e l l s  w h i l e  d e c r e a s i n g  
t h e  s p e c i f i c  g ro w th  r a t e  and maximum o p t i c a l  d e n s i t y  and
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i n c r e a s i n g  t h e  l a g  p h a s e .  To d e t e r m i n e  i f  t h e s e  c h a n g e s  were  
due t o  o s m o t i c  o r  i o n i c  s t r e s s ,  t h e  f o l l o w i n g  e x p e r i m e n t  was 
p e r f o r m e d .  S t e r i l e  m o d i f i e d  2216E medium (1 0 0  ml)  i n  250 ml 
E r le n m e y e r  f l a s k s  was s u p p le m e n te d  w i t h  e i t h e r  g l y c e r o l  o r  
s u c r o s e  i n  c o n c e n t r a t i o n s  r a n g i n g  f rom  0 . 0  t o  3 - 5  G l y c e r o l  
and s u c r o s e  were  u s e d  b e c a u s e  t h e y  were  n o n p e n e t r a t i n g ,  
n o n i o n i c  s o l u t e s .  The medium was i n o c u l a t e d  w i t h  1 . 0  ml o f  
t h e  s t a n d a r d  i n o c u lu m .  F l a s k s  w e re  i n c u b a t e d  a t  20 C and  200 
rpm and sam pled  p e r i o d i c a l l y  f o r  72 h  f o r  o p t i c a l  d e n s i t y  and 
o b s e r v e d  m i c r o s c o p i c a l l y  f o r  m o r p h o l o g i c a l  c h a n g e .
The s p e c i f i c  g r o w th  r a t e ,  l a g  p h a s e ,  and  maximum 
o p t i c a l  d e n s i t y  f o r  P .  h a l o d u r a n s  c e l l s  e x p o s e d  t o  1 . 0  t o
3 . 5  M g l y c e r o l  o r  s u c r o s e  were  v e r y  s i m i l a r  t o  u n t r e a t e d  c e l l s  
( T a b l e  1 8 ) .  No m o r p h o l o g i c a l  o r  m o t i l i t y  a l t e r a t i o n s  o c c u r r e d  
a t  s u p p l e m e n te d  g l y c e r o l  o r  s u c r o s e  c o n c e n t r a t i o n s .  T h us ,  
t h e  e f f e c t  o f  s u p p l e m e n ta l  NaCl on P .  h a l o d u r a n s  was i o n i c  
p r i m a r i l y  and n o t  o s m o t i c .
5. Growth R esponse  o f  P .  h a lo d u rarns  t o S a l t s  O th e r  Than  NaCl.
E s t u a r i n e  w a t e r  i s  composed o f  i o n s  o t h e r  t h a n  NaCl.
An e x p e r i m e n t  was d e s i g n e d  t o  d e t e r m i n e  how i o n s  o t h e r  t h a n  
NaCl a f f e c t e d  t h e  m o rp h o lo g y ,  m o t i l i t y ,  and  g ro w th  o f  P .  
h a l o d u r a n s . S t e r i l e  m o d i f i e d  2216E medium a s  100 ml i n  250 
ml E r l e n m e y e r  f l a s k s  were  s u p p le m e n te d  w i t h  one  o f  t h e  f o l l o w i n g  
s a l t s :  NaNO^, Na2S04 , KC1, KNO^, L i C l ,  NH^Cl, MgCl2 , o r  CaCl2
i n  c o n c e n t r a t i o n s  r a n g i n g  f ro m  0 . 0  t o  3«^5 M. The medium was 
i n o c u l a t e d  w i t h  1 . 0  ml o f  t h e  s t a n d a r d  i n o c u lu m  and  i n c u b a t e d  
a t  20 C and 200 rpm. The medium was sam p led  p e r i o d i c a l l y  f o r
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144 h  f o r  o p t i c a l  d e n s i t y  and o b s e r v e d  m i c r o s c o p i c a l l y  f o r  
m o r p h o l o g i c a l  a l t e r a t i o n .  I o n s  s u c h  a s  L i ,  NO^, and NH^ a r e  
p r e s e n t  i n  ppb am o u n ts  i n  s e a w a t e r .
The p r e s e n c e  o f  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  t h e  
s a l t s  r e s u l t e d  i n  a  d e c r e a s e  i n  t h e  s p e c i f i c  g row th  r a t e  and 
maximum o p t i c a l  d e n s i t y  and a n  i n c r e a s e  i n  t h e  l a g  p h a s e  and 
c e l l  s i z e  ( T a b l e  1 9 ) .  W ith  t h e  e x c e p t i o n  o f  L iC l  and  NH^Cl, 
0 .9 0  M s u p p l e m e n ta l  s a l t s  had l i t t l e  e f f e c t  on t h e  g r o w t h  o f  
P. h a l o d u r a n s  compared  t o  t h e  u n s t r e s s e d  c e l l s .  At  0 . 9 0  M 
LiC l  and  NH^Cl, t h e  s p e c i f i c  g r o w t h  r a t e  was d e c r e a s e d  
a p p r o x i m a t e l y  50 a n d  8 0  %, r e s p e c t i v e l y ,  compared  t o  u n t r e a t e d  
c e l l s .  As a l l  s a l t  c o n c e n t r a t i o n s  i n c r e a s e d  above 0 . 9 0  M, 
t h e  s p e c i f i c  g ro w th  r a t e  and maximum o p t i c a l  d e n s i t y  d e c r e a s e d  
from 4 0  t o  90 % w h i l e  t h e  l a g  p h a s e  was e x t e n d e d  from 5 t o  11-  
f o l d  com pared  t o  u n s t r e s s e d  c e l l s .  W ith  t h e  e x c e p t i o n  o f  
L iC l  a n d  NH^Cl, s u p p l e m e n t a l  s a l t  c o n c e n t r a t i o n s  i n c r e a s e d  
t h e  c e l l  s i z e  15 -  20  volumes com pared  t o  u n t r e a t e d  c e l l s .  
M o t i l i t y  was n o t  e v i d e n t  above 0 . 9 0  M. The a l t e r a t i o n s  i n  
m o rp h o lo g y ,  m o t i l i t y ,  and g ro w th  o f  P .  h a l o d u r a n s  i n  v a r i e d  
s a l t  s o l u t i o n s  i n d i c a t e d  t h a t  t h e  e f f e c t s  o f  s u p p l e m e n t a l  NaCl 
on t h e  o rg a n is m  w ere  n o t  i o n  s p e c i f i c .
6 .  A d a p t a t i o n  o f  P .  h a l o d u r a n s  t o  S u p p l e m e n t a l  NaCl.
The a b i l i t y  o f  a n  o r g a n i s m  on r e p e a t e d  s u b c u l t u r e  t o  
become a d a p t e d  t o  a  s t r e s s  i s  w e l l  known ( A l e x a n d e r ,  1 9 7 1 ) .
An e x p e r i m e n t  was c o n d u c t e d  t o  d e t e r m i n e  i f  P .  h a l o d u r a n s  
c e l l s  a d a p t e d  t o  t h e  i o n i c  e f f e c t s  o f  s u p p l e m e n t a l  N aCl .  
S t e r i l e  m o d i f i e d  2216E medium a n d  t h e  medium s u p p le m e n te d
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w i t h  3 .4 5  M NaCl were  i n o c u l a t e d  w i t h  1 . 0  ml o f  t h e  s t a n d a r d  
i n o c u lu m .  L a t e  l o g a r i t h m i c  p h a s e  P .  h a l o d u r a n s  c e l l s  f rom  
t h e  medium were  s u b c u l t u r e d  4  t i m e s  i n  m o d i f i e d  2216E medium 
c o n t a i n i n g  t h e  c o r r e s p o n d i n g  NaCl c o n c e n t r a t i o n  a s  t h e  i n i t i a l  
g r o w th  medium and i n c u b a t e d  a t  20 C and  200 rpm. A f t e r  t h e  
f o u r t h  t r a n s f e r  h ad  r e a c h e d  t h e  l a t e  l o g a r i t h m i c  p h a s e ,  1 . 0  
ml a l i q u o t s  were  removed and i n o c u l a t e d  s e p a r a t e l y  i n t o  250 
ml E r l e n m e y e r  f l a s k s  c o n t a i n i n g  s t e r i l e  m o d i f i e d  2216E medium 
w i t h  s u p p l e m e n t a l  NaCl c o n c e n t r a t i o n s  r a n g i n g  f rom  0 . 0  t o  4 . 3 0  
M. F l a s k s  were  i n c u b a t e d  a t  20 C and 200  rpm and  sa m p le d  
p e r i o d i c a l l y  f o r  144 h f o r  o p t i c a l  d e n s i t y  and  o b s e r v e d  
m i c r o s c o p i c a l l y  f o r  m o r p h o l o g i c a l  c h a n g e s .
P r e c u l t u r i n g  o f  P .  h a l o d u r a n s  i n  0 . 3 0  o r  3 .4 5  M NaCl 
h a d  l i t t l e  e f f e c t  on t h e  r e s p o n s e  t o  NaCl c o n c e n t r a t i o n s  i n  
t h e  g r o w th  medium ( T a b l e  2 0 ) .  As NaCl c o n c e n t r a t i o n s  
i n c r e a s e d  t o  3.4-5 M, t h e  s p e c i f i c  g r o w t h  r a t e  and  maximum 
o p t i c a l  d e n s i t y  d e c r e a s e d  a p p r o x i m a t e l y  a n  o r d e r  o f  m a g n i tu d e  
and  75 r e s p e c t i v e l y ,  compared t o  t h e  u n s u p p le m e n te d  medium. 
The l a g  p h a s e  i n c r e a s e d  2 0 - f o l d  com pared  t o  t h e  u n s u p p le m e n te d  
medium. No g ro w th  o c c u r r e d  a f t e r  144 h  i n  4 . 3 0  M s u p p l e m e n te d -  
NaCl medium. C o n c u r r e n t  w i t h  t h e  e f f e c t  on g ro w th  was an  
e f f e c t  on m orpho logy  and m o t i l i t y .  R e g a r d l e s s  o f  p r e c u l t u r e d  
NaCl c o n c e n t r a t i o n s ,  a s  NaCl c o n c e n t r a t i o n s  i n c r e a s e d ,  c e l l  
s i z e  i n c r e a s e d  a p p r o x i m a t e l y  21 v o lu m e s  w h i l e  m o t i l i t y  was 
l o s t  above  0 . 9 0  M s u p p l e m e n t a l  NaCl.  C e l l s  p r e c u l t u r e d  i n  
3 .4 5  M su p p le m e n te d -N a C l  medium w ere  2 . 0  -  2 . 5  x  3 . 0  -  5 . 0  ym 
and  n o n m o t i l e .  When p l a c e d  i n  u n s u p p l e m e n te d  medium t h e  c e l l s
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"became a c t i v e l y  m o t i l e  and m e a su re d  0 . 6  -  0 . 8  x  1 . 5  -  1 - 8  pm 
w i t h i n  8 h .  P .  h a l o d u r a n s  c e l l s  t o l e r a t e d  h u t  d i d  n o t  a d a p t  
t o  t h e  i n c r e a s e d  i o n i c  s t r e s s  c r e a t e d  hy  t h e  s u p p l e m e n t a l  NaCl.
To d e t e r m i n e  i f  e a c h  P .  h a l o d u r a n s  c e l l  i n  t h e  
p o p u l a t i o n  was g e n e t i c a l l y  s t a b l e  i n  i t s  r e s p o n s e  t o  v a r i o u s  
NaCl c o n c e n t r a t i o n s ,  t h e  f o l l o w i n g  i n v e s t i g a t i o n  was u n d e r ­
t a k e n .  A l i q u o t s  ( 1 . 0  ml)  o f  l a t e  l o g a r i t h m i c  p h a s e  c e l l s  
f rom  t h e  p r e c u l t u r e d  m o d i f i e d  2216E medium and  t h e  medium 
s u p p le m e n te d  w i t h  5 . 4 5  M NaCl w ere  removed and d i l u t e d  i n  
s y n t h e t i c  s e a w a t e r  made i s o t o n i c  t o  t h e  g r o w th  medium w i t h  
NaCl ( w / v ) .  The d i l u t i o n s  w e re  p r e p a r e d  t o  y i e l d  a  low ,  
e a s i l y  c o u n t a b l e  number o f  c o l o n i e s  ( 2 0 - 1 2 0  CFU/ml) .  A l i q u o t s  
( 0 . 1  m l)  o f  t h e  d i l u t e d  c e l l  s u s p e n s i o n s  were  e n u m e r a t e d  a f t e r  
10 d a y s  i n c u b a t i o n  a t  20 C on m o d i f i e d  2216E a g a r  medium w i t h  
t o t a l  NaCl c o n c e n t r a t i o n s  r a n g i n g  f rom 0 . 0 1  t o  5*40 M.
W hether  P .  h a l o d u r a n s  c e l l s  were  p r e c u l t u r e d  i n  
m o d i f i e d  2216E medium o r  t h e  medium s u p p l e m e n te d  w i t h  3 -4 5  M 
NaCl,  t h e  e f f e c t s  o f  f l u c t u a t i n g  NaCl c o n c e n t r a t i o n s  were  
v e r y  s i m i l a r  ( T a b l e  2 1 ) .  Maximal CFU/ml d e v e l o p e d  b e tw e e n  
0 . 2 0  and  0 . 3 0  M N aC l .  A p r o g r e s s i v e  d e c r e a s e  i n  CFU/ml 
o c c u r r e d  a t  l o w e r  and  h i g h e r  NaCl c o n c e n t r a t i o n s  up t o  3-75 M. 
No g r o w th  o c c u r r e d  a t  4 . 6 0  and 5*40 M NaCl.
When g e n e t i c  s t a b i l i t y  was t e s t e d  f u r t h e r  b y  r e p l i c a  
p l a t i n g  t h e  i n i t i a l  p l a t e s  t o  p l a t e s  c o n t a i n i n g  m o d i f i e d  
2216E medium w i t h  t h e  c o r r e s p o n d i n g  NaCl c o n c e n t r a t i o n ,  n e a r l y  
e v e r y  c o lo n y  on t h e  i n i t i a l  p l a t e  g a v e  r i s e  t o  a c o l o n y  on 
t h e  r e p l i c a  p late  ( T a b l e  2 1 ) .  P .  h a l o d u r a n s  c e l l s  were
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g e n e t i c a l l y  s t a b l e  t o  t h e  i n c r e a s e d  i o n i c  s t r e s s  o f  s u p p l e ­
m e n t a l  NaCl. I n  c o n j u n c t i o n  w i t h  T a b l e  2 0 ,  P .  h a l o d u r a n s  
d e m o n s t r a t e d  a  r e a d i l y  r e v e r s i b l e  r e s p o n s e  t o  s u p p l e m e n t a l  
NaCl u p  t o  5 . ^ 5  M i n d i c a t i n g  a t o l e r a n c e  and n o t  a d a p t a t i o n  
t o  t h e  NaCl s t r e s s .
7 .  C u l t u r a l  S t a g e  o f  Growth o f  P .  h a l o d u r a n s  V e r s u s  t h e
E f f e c t  o f  2 . 6 0  M S u p p l e m e n t a l  N a C l .
The p h y s i o l o g i c a l  ag e  o f  a  c u l t u r e  may b e  a  d e t e r m i n a n t  
i n  t h e  r e s p o n s e  o f  t h a t  c u l t u r e  t o  s t r e s s .  T h i s  e f f e c t  o f  
p h y s i o l o g i c a l  a g e  may r e f l e c t  d i f f e r e n c e s  i n  t h e  c o n t e n t  o f  
l i p i d ,  p r o t e i n s ,  n u c l e i c  a c i d s ,  g r o w th  f a c t o r s ,  i n t e r m e d i a t e s  
of  t h e s e  g r o u p s ,  p e r m e a b i l i t y  p r o p e r t i e s ,  and i n o r g a n i c  i o n  
c o n s t i t u e n t s  o f  t h e  c e l l s  (Lamanna and  M a l l e t t e ,  1 9 6 5 ) .
The ad ded  s t r e s s  i n  t h i s  e x p e r i m e n t  was 2 . 6 0  M NaCl 
added t o  a l i q u o t s  o f  t h e  c u l t u r e  d u r i n g  v a r i o u s  s t a g e s  i n  
t h e  l i f e  c y c l e .  The change  i n  p o p u l a t i o n  was f o l l o w e d  by  
p l a t e  c o u n t .  S t e r i l e  m o d i f i e d  2216E medium(100  m l ) i n  250 ml 
E r le n m e y e r  f l a s k s  were i n o c u l a t e d  w i t h  1 . 0  ml o f  t h e  s t a n d a r d  
in o c u lu m .  F l a s k s  were  i n c u b a t e d  a t  20 C and 200 rpm. At 0 ,
1, 2 ,  h-, and  8 h ,  50 ml a l i q u o t s  o f  t h e  c u l t u r e s  were rem oved ,  
p l a c e d  i n  s t e r i l e  125 ml E r l e n m e y e r  f l a s k s ,  and  2 . 6 0  M NaCl 
ad d ed .  A t  0 ,  1 ,  5 ,  4 ,  8 ,  12 ,  16 ,  2 0 ,  56, and 4-8 h a f t e r  
NaCl a d d i t i o n ,  0 . 1  ml a l i q u o t s  o f  t h e  s u b c u l t u r e s  g ro w in g  a t  
20 C and 200 rpm w ere  e n u m e ra te d  a f t e r  10 d a y s  i n c u b a t i o n  a t  
20 C on m o d i f i e d  2216E a g a r  medium.
The c o n t r o l  ( b r o k e n  l i n e )  u n d e rw e n t  a n o rm al  s i g m o i d a l  
c u r v e ;  t h e  f i r s t  2 h  b e i n g  l a g  p h a s e ,  a l o g a r i t h m i c  p e r i o d
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l a s t i n g  12 h ,  a n  a b b r e v i a t e d  s t a t i o n a r y  p h a s e  t o  16 h ,  and  a 
s u b s e q u e n t  d e c l i n e  p h a s e  u n t i l  4-8 h  ( P i g .  1 2 ) .  A d d i t i o n  o f  
NaCl a t  0 and 1 h showed s l i g h t  i n c r e a s e s  i n  CPU a f t e r  16 h 
w i t h  m a j o r  i n c r e a s e s  i n  CPU b e tw e e n  20 and 36 h .  The i n c r e a s e  
a t  36 h r e p r e s e n t e d  a b o u t  1 and  2 d o u b l i n g s  f o r  t h e  0 and  1 h 
c u l t u r e s ,  r e s p e c t i v e l y .  A d d i t i o n s  a t  2 and  4  h p r o d u c e d  
s i g n i f i c a n t  b u r s t s  i n  CPU a f t e r  12 h f i n a l l y  y i e l d i n g  a b o u t  
5 and  6 d o u b l i n g s ,  r e s p e c t i v e l y ,  a f t e r  20 h .  A d d i t i o n  a t  8 
h  f a i l e d  t o  p r o d u c e  a d i v i s i o n  i n  t h e  s u b s e q u e n t  40 h .
The c e l l  may n e e d  t o  a c c u m u l a t e  some m a t e r i a l s  f o r  
d i v i s i o n .  I f  s o ,  t h e  c e l l s  a p p e a r  t o  have  a c c u m u l a t e d  t h i s  
m a t e r i a l  a t  h i g h e s t  c o n c e n t r a t i o n  b y  t h e  end  o f  t h e  l a g  p h a s e .  
I f  NaCl was added b e f o r e  o r  a f t e r  t h i s  t i m e ,  t h e  c e l l s  were  
a b l e  t o  go t h r o u g h  o n l y  one o r  two d i v i s i o n a l  c y c l e s .  The 
c l o s e r  t h e  a d d i t i o n  o f  NaCl was t o  t h e  end o f  t h e  l a g  p h a s e ,  
t h e  g r e a t e r  t h e  p o p u l a t i o n  i n c r e a s e d  and t h e  s h o r t e r  t h e  
t i m e  n e e d e d  t o  a c h i e v e  t h i s  c h a n g e .
8 .  E f f e c t  o f  T e m p e r a tu r e  and O r g a n i c  M a t t e r  on Growth an d  
NaCl T o l e r a n c e  o f  P .  h a l o d u r a n s .
The r e s p o n s e  o f  a n  o r g a n i s m  t o  s t r e s s  may a l s o  be  
d e p e n d e n t  upon  t h e  c u l t u r a l  c o n d i t i o n s  a t  w h ich  t h e  o r g a n i s m  
i s  grown.  The r e s p o n s e  o f  P. h a l o d u r a n s  t o  t h e  i n c r e a s e d  
i o n i c  s t r e s s  c a u s e d  b y  s u p p l e m e n t a l  NaCl was d e t e r m i n e d  a t  
one  t e m p e r a t u r e  and  o r g a n i c  m a t t e r  c o n c e n t r a t i o n .  An 
e x p e r i m e n t  was d e s i g n e d  t o  d e t e r m i n e  i f  a l t e r n a t e  t e m p e r a t u r e s  
an d  o r g a n i c  m a t t e r  c o n c e n t r a t i o n s  a f f e c t e d  t h e  t o l e r a n c e  o f  P .  
h a l o d u r a n s  t o  s u p p l e m e n t a l  NaCl.
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S t e r i l e  m o d i f i e d  2216E medium (100  m l)  was p r e p a r e d  
w i t h  t o t a l  p e p to n e  a n d  y e a s t  e x t r a c t  c o n c e n t r a t i o n s  o f  0 . 0 2 ,  
0 . 2 ,  and 1 . 0  % and t o t a l  NaCl c o n c e n t r a t i o n s  r a n g i n g  f rom  
0 .0 1  t o  3 .75  M. The medium i n  250  ml E r le n m e y e r  f l a s k s  was 
i n o c u l a t e d  w i t h  1 . 0  ml o f  t h e  s t a n d a r d  i n o c u l u m .  E l a s k s  
were i n c u h a t e d  a t  200 rpm a t  5, 1 0 ,  15 ,  2 0 ,  25 ,  35, and  40  G. 
O p t i c a l  d e n s i t y  m e a su re m e n ts  w e re  made p e r i o d i c a l l y  f o r  144 h 
a t  15 t o  4 0  C and 260  h  a t  5 and  10 C.
I n  t h e  p r e s e n c e  o f  1 . 0  % o r g a n i c  m a t t e r  i n  t h e  medium, 
P .  h a l o d u r a n s  grew o p t i m a l l y ,  a s  d e t e r m i n e d  b y  s p e c i f i c  g row th  
r a t e ,  a t  0 . 3 0  M NaCl r e g a r d l e s s  o f  t h e  i n c u b a t i o n  t e m p e r a t u r e  
( E i g .  1 3 ) .  Minimal  g r o w th  o c c u r r e d  a t  0 . 0 1  M NaCl f o r  a l l  
t e m p e r a t u r e s .  Growth r a t e s  d e c l i n e d  s t e a d i l y  a t  h i g h e r  NaCl 
c o n c e n t r a t i o n s  t h a n  0 . 3 0  M. The o rg an ism  t o l e r a t e d  2 . 9 0  M 
NaCl a t  5 ,  1 0 ,  15,  a n d  35 0 ,  and  3*75 H NaCl a t  20 and 25 C.
No g ro w th  o c c u r r e d  a t  4 0  C. The i n c u b a t i o n  t e m p e r a t u r e  
a f f e c t e d  t h e  NaCl t o l e r a n c e  o f  P .  h a l o d u r a n s  w i t h  maximal  
t o l e r a n c e  a t  20 a n d  25 C.
When P.  h a l o d u r a n s  was grown a t  0 . 2  % medium o r g a n i c  
m a t t e r ,  o p t i m a l  g r o w t h  r a t e s  o c c u r r e d  a t  0 . 3 0  M NaCl r e g a r d l e s s  
o f  i n c u b a t i o n  t e m p e r a t u r e  ( E i g .  1 4 ) .  The o r g a n i s m  t o l e r a t e d  
2 . 9 0  M NaCl a t  5 ,  1 0 ,  15 ,  and  35 0 ,  and 3 . 7 5  M NaCl a t  20 
and 25 C. No g r o w t h  o c c u r r e d  a t  40  C. A l th o u g h  t h e  r e s p o n s e  
of  P .  h a l o d u r a n s  t o  s u p p l e m e n t a l  NaCl was n o t  a f f e c t e d  by 
0 .2  % medium o r g a n i c  m a t t e r  com pared  t o  1 . 0  % o r g a n i c  m a t t e r ,  
i n c u b a t i o n  t e m p e r a t u r e  d i d  a f f e c t  t h e  h a l o t o l e r a n c e  o f  t h e  
b a c t e r i u m .
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At 0 . 0 2  °/o medium o r g a n i c  m a t t e r ,  P .  h a l o d u r a n s  
t o l e r a t e d  2 . 1 0  M NaCl a t  5 C and  2 . 9 0  M NaCl a t  10 t o  35 C 
( P i g .  1 5 ) .  A l th o u g h  t h e  l a r g e  i n c r e m e n t s  o f  NaCl c o n c e n t r a ­
t i o n s  made e x a c t  d e t e r m i n a t i o n s  o f  t h e  NaCl r e s p o n s e  o f  P .  
h a l o d u r a n s  t o  c u l t u r a l  c o n d i t i o n s  d i f f i c u l t ,  i n c u b a t i o n  
t e m p e r a t u r e  a nd  o r g a n i c  m a t t e r  c o n c e n t r a t i o n  i n  t h e  medium 
d i d  a f f e c t  t h e  h a l o t o l e r a n c e  o f  t h e  b a c t e r i u m .
To d e m o n s t r a t e  t h e  NaCl r e s p o n s e  o f  P .  h a l o d u r a n s , 
t h e  maximum o p t i c a l  d e n s i t y  o f  t h e  c u l t u r e  grown a t  20 C and 
200 rpm a t  NaCl c o n c e n t r a t i o n s  r a n g i n g  f rom  0 . 0  t o  4 . 3 0  M i n  
m o d i f i e d  2216E medium c o n t a i n i n g  0 . 2  % o r g a n i c  m a t t e r  was 
p l o t t e d  ( P i g .  1 6 ) .  Maximum g r o w th  o c c u r r e d  b e tw e e n  0 . 3 0  and
1 . 2 0  M NaCl and d e c l i n e d  s t e a d i l y  a t  l o w e r  and  h i g h e r  NaCl 
c o n c e n t r a t i o n s .  The a b i l i t y  o f  P .  h a l o d u r a n s  t o  r e p r o d u c e  
o v e r  a NaCl c o n c e n t r a t i o n  r a n g e  o f  0 .0 1  t o  3-75 N d e m o n s t r a t e d  
t h e  b r o a d  NaCl r e s p o n s e  and h a l o t o l e r a n c e  o f  t h e  o r g a n i s m .
9 .  Growth R e s p o n s e  o f  M ar ine  B a c t e r i a  O t h e r  Than P .  h a l o d u r a n s
t o  S u p p l e m e n t a l  N a C l .
To d e t e r m i n e  i f  o t h e r  m a r i n e  b a c t e r i a  t o l e r a t e d  t h e  
i n c r e a s e d  i o n i c  s t r e s s  o f  s u p p l e m e n t a l  NaCl c o n c e n t r a t i o n s  
many f o l d s  g r e a t e r  t h a n  t h o s e  o f  t h e  e s t u a r y ,  s t e r i l e  
m o d i f i e d  2216E medium a s  100 ml i n  250 ml E r l e n m e y e r  f l a s k s  
was s u p p le m e n te d  w i t h  NaCl c o n c e n t r a t i o n s  r a n g i n g  f rom  0 . 0  
t o  3 . 4 5  M. The medium was i n o c u l a t e d  w i t h  1 . 0  ml o f  t w i c e  
w a sh e d ,  l a t e  l o g a r i t h m i c  b a c t e r i a l  c u l t u r e s  a s  f o l l o w s :  P .
h a l o d u r a n s , A r t h r o b a c t e r  m a r i n u s , P .  c u p r o d u r a n s , Pseudomonas
s p .  1 3 0 ,  and A l t e r o m o n a s  m a r i n o p r a e s e n s . I n  a d d i t i o n ,
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s e l e c t e d  p ig m e n te d  c o l o n i e s  i s o l a t e d  from  t h e  e c o l o g i c a l  
s t u d i e s ,  d e s i g n e d ;  C - l  ( P .  h a l o d u r a n s ) , C-2 ( r e d  p ig m e n te d ) ,  
C-3 ( y e l l o w  p ig m e n te d ) ,  C-4 ( w h i t e  p i g m e n t e d ) ,  and C-5 
(o ra n g e  p ig m e n te d )  w ere  i n v e s t i g a t e d  f o r  NaCl t o l e r a n c e .
The f l a s k s  w ere  i n c u b a t e d  a t  20 G and 200  rpm. T hey w ere 
sam pled  p e r i o d i c a l l y  f o r  144 h  f o r  o p t i c a l  d e n s i t y  and  
o b se rv e d  m i c r o s c o p i c a l l y  f o r  m o r p h o lo g ic a l  c h a n g e s .
P .  h a lo d u r a n s  t o l e r a t e d  3*4-5 M s u p p le m e n ta l  NaCl 
(T a b le  2 2 ) .  A. m a r in u s  and  P .  c u p r o d u r a n s  t o l e r a t e d  2 .6 0  M 
s u p p le m e n ta l  NaCl. The s p e c i f i c  g ro w th  r a t e  d e c r e a s e d  
g r e a t e r  t h a n  a n  o r d e r  o f  m a g n i tu d e  and  t h e  maximum o p t i c a l  
d e n s i t i e s  d e c r e a s e d  60 and 85 %<> r e s p e c t i v e l y ,  com pared  to  
t h e  u n su p p le m e n te d  medium. The l a g  p h a s e  was e x te n d e d  t o  72 
and 80 h ,  r e s p e c t i v e l y .  C e l l s  becam e n o n m o t i le  a t  1 ,7 0  M 
su p p le m e n te d  NaCl f o r  b o t h  c u l t u r e s  and  i n c r e a s e d  5 vo lum es 
compared t o  u n s t r e s s e d  c e l l s .  P seudom onas s p .  130 and  A. 
m a r in o p r a e s e n s  w ere  t h e  l e a s t  a d a p t a b l e  b a c t e r i a  t o  s u p p le ­
m e n ta l  N aC l, t o l e r a t i n g  1 .7 0  M N aC l, w i t h  l i t t l e  m o r p h o lo g ic a l  
a l t e r a t i o n .  The l a g  p h a s e s  w ere  e x te n d e d  t o  67 and  122 h ,  
r e s p e c t i v e l y .  P . h a l o d u r a n s , among t h e  f i v e  i d e n t i f i e d  
b a c t e r i a ,  e x h i b i t e d  t h e  g r e a t e s t  t o l e r a n c e  t o  N aCl.
The P .  h a lo d u r a n s  c u l t u r e  ( C - l )  was th e  same a s  u se d  
i n  th e  p r e v i o u s  t a b l e .  E s t u a r i n e  i s o l a t e ,  C -2 , was t h e  l e a s t  
a d a p t a b l e  b a c t e r i u m ,  t o l e r a t i n g  o n l y  0 .9 0  M s u p p le m e n ta l  N aCl, 
w i th  l i t t l e  m o r p h o lo g ic a l  c h an g e  (T a b le  2 3 ) .  I s o l a t e s  C-3 
and C-4 t o l e r a t e d  1 .7 0  M s u p p le m e n ta l  N aC l, w i th  t h e  l a g  
p h a s e s  e x te n d e d  t o  1 0 .5  an d  1 8 .5  h ,  r e s p e c t i v e l y .  E s t u a r i n e
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i s o l a t e ,  C -5 , was th e  m o s t  a d a p t a b l e  b a c t e r i u m ,  t o l e r a t i n g
2 .6 0  M s u p p le m e n ta l  NaCl, w i t h  no m o r p h o lo g ic a l  c h a n g e .  The 
l a g  p h a s e  was e x te n d e d  f ro m  3*5 t o  2 6 .5  h .  The s p e c i f i c  
g ro w th  r a t e  d e c r e a s e d  n e a r l y  an  o r d e r  o f  m a g n i tu d e  com pared 
t o  t h e  u n su p p le m e n te d  m edium . P .  h a lo d u r a n s  was t h e  m ost 
a d a p t a b l e  o f  t h e  f i v e  e s t u a r i n e  b a c t e r i a  t o  N aC l, e x h i b i t i n g  
t h e  l e a s t  e f f e c t  and g r e a t e s t  t o l e r a n c e  up to  3*^5  M 
s u p p le m e n ta l  N aC l.
1 0 . E f f e c t  o f  NaCl on Oxygen U t i l i z a t i o n  by P .  h a l o d u r a n s .
Growth an d  r e p r o d u c t i o n  o f  P . h a lo d u r a n s  was re d u c e d  
a s  t h e  i o n i c  c o n c e n t r a t i o n  o f  t h e  medium d e v i a t e d  fro m  o p t im a l .  
S i n c e  g row th  i s  a  d i r e c t  f u n c t i o n  o f  r e s p i r a t i o n ,  an  i n v e s t i g a ­
t i o n  was u n d e r t a k e n  t o  d e te r m in e  t h e  e f f e c t  o f  N aCl 
c o n c e n t r a t i o n s  o n  th e  r e s p i r a t i o n  o f  P .  h a l o d u r a n s . S t e r i l e  
m o d i f i e d  2216E medium a s  100 ml u n su p p le m e n te d  a n d  su p p le m e n te d  
w i t h  1 .7 0  and  2 . 6 0  M NaCl i n  250 ml E r le n m e y e r  f l a s k s  was 
i n o c u l a t e d  w i t h  1 .0  ml o f  t h e  s t a n d a r d  in o c u lu m . Upon 
a t t a i n i n g  t h e  l a t e  l o g a r i t h m i c  g ro w th  p h a s e  a t  2 0  C and  200 
rpm , t h e  c e l l s  w ere  h a r v e s t e d  and p r e p a r e d  f o r  r e s p i r a t i o n  
s t u d i e s .  The c e l l s  w ere  p l a c e d  i n  r e s p i r a t i o n  f l a s k s  
c o n t a i n i n g  m o d i f i e d  2216E medium w i t h  t o t a l  NaCl c o n c e n t r a ­
t i o n s  r a n g in g  from  0 .0 1  t o  5.4-5 M. R e s p i r a t i o n  r e a d i n g s  were 
t a k e n  e v e ry  10 m in  f o r  3 h  w i th  i n i t i a l  and f i n a l  d r y  w e ig h ts  
d e te r m i n e d .  When grown i n  u n su p p le m e n te d  medium, r e s p i r a t i o n ,  
m e a su re d  a s  oxy g en  u t i l i z a t i o n  by  P .  h a lo d u r a n s  was maximal 
(64-0 y l i t e r s 02 /mg d ry  w e ig h t )  i n  t h e  p r e s e n c e  o f  0 . 2 0 ,  0 .2 5 ,  
a n d  0 .3 0  M NaCl a f t e r  180 m in ( E ig .  1 7 ) .  A l th o u g h  r e s p i r a t i o n
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d e c r e a s e d  p r o g r e s s i v e l y  a t  lo w e r  a n d  h i g h e r  NaCl c o n c e n t r a ­
t i o n s ,  t h e  s l o p e s  o f  t h e  l i n e s  a t  e ac h  NaCl c o n c e n t r a t i o n  
i n d i c a t e d  t h a t  t h e  r a t e  o f  oxygen  u t i l i z a t i o n  was u n i f o r m .
The e f f e c t  o f  NaCl c o n c e n t r a t i o n  on  r e s p i r a t i o n  was v e r y  
s i m i l a r  t o  i t s  e f f e c t  on  g row th  o f  P .  h a l o d u r a n s . The 
r e s p i r a t o r y  a c t i v i t y  was o p t im a l  a t  NaCl c o n c e n t r a t i o n s  
r e p r e s e n t a t i v e  o f  t h e  ra n g e  o f  NaCl c o n c e n t r a t i o n s  o f  t h e  
e s t u a r y .  F u r t h e r ,  t h e  o c c u r r e n c e  o f  r e s p i r a t o r y  a c t i v i t y  a t
4 .6 0  M N a C l-a  c o n c e n t r a t i o n  a t  w h ic h  t h e  o rg a n is m  f a i l e d  t o  
g r o w - i n d i c a t e d  t h a t  t h e  r e s p i r a t o r y  p r o c e s s e s ,  o r  o t h e r  l e s s  
s e n s i t i v e  p h y s i o l o g i c a l  f u n c t i o n s ,  were more h a l o t o l e r a n t  t h a n  
t h e  r e p l i c a t i o n  p r o c e s s e s .
R e s p i r a t i o n  b y  P .  h a l o d u r a n s  c e l l s  grow n i n  1 .7 0  M 
N a C l-su p p le m e n te d  medium was m ax im al (420  W li te rsO ^ /m g  d r y  
w e ig h t)  a t  0 .2 0  and  0 .3 0  M NaCl ( F i g .  1 8 ) .  A l th o u g h  
r e s p i r a t i o n  d e c r e a s e d  s t e a d i l y  a t  h i g h e r  NaCl c o n c e n t r a t i o n s ,  
t h e  r a t e  o f  oxygen  u t i l i z a t i o n  was u n ifo rm  a t  e a c h  NaCl 
c o n c e n t r a t i o n .  The d e c r e a s e  i n  r e s p i r a t i o n  a s  NaCl c o n c e n ­
t r a t i o n s  i n c r e a s e d  above  0 .3 0  M was c o n s i s t e n t  f o r  u n t r e a t e d  
and N a C l - p r e c u l t u r e d  c e l l s .  P r e c u l t u r i n g  c e l l s  i n  1 .7 0  M 
N a C l-su p p le m e n te d  medium s u p p r e s s e d  th e  r e s p i r a t i o n  o f  P .  
h a l o d u r a n s . The c o n s i s t e n t  d e c r e a s e  i n  r e s p i r a t i o n  a t  NaCl 
c o n c e n t r a t i o n s  g r e a t e r  th a n  0 .3 0  M i n d i c a t e d  t h a t  a d a p t a t i o n  
to  1 .7 0  M NaCl d i d  n o t  o c c u r .
C e l l s  p r e c u l t u r e d  a t  a h i g h e r  NaCl s t r e s s  ( 2 .6 0  M 
su p p le m e n te d  NaCl) d e m o n s t r a te d  m axim al r e s p i r a t i o n  (210  
w l i t e r s 0 2 / m g  d r y  w e ig h t )  a t  0 . 2 0  and 0 .3 0  M NaCl ( F i g .  1 9 ) .  
R e s p i r a t i o n  d e c r e a s e d  s t e a d i l y  a t  h i g h e r  NaCl c o n c e n t r a t i o n s .
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A t e a c h  NaCl c o n c e n t r a t i o n ,  t h e  r a t e  o f  oxygen  - u t i l i z a t i o n  
was u n i f o r m .  A b s o lu te  am o u n ts  o f  oxygen  u t i l i z a t i o n  by  2 .6 0  
and 1 .7 0  M N a C l - p r e c u l t u r e d  P .  h a lo d u r a n s  c e l l s  s t u d i e d  i n  
NaCl c o n c e n t r a t i o n s  from  0 .2 0  t o  4 . 6 0  M w ere  r e d u c e d  70 and 
45 %, r e s p e c t i v e l y ,  com pared  t o  am oun ts  f o r  u n t r e a t e d  c e l l s .
The r e d u c t i o n  i n  g ro w th  o f  P .  h a lo d u r a n s  by  NaCl 
c o n c e n t r a t i o n s  n o t  r e p r e s e n t a t i v e  o f  e s t u a r i n e  c o n c e n t r a t i o n s  
( 0 . 2  -0 .3 5 M ) was due p a r t i a l l y  o r  e n t i r e l y  t o  t h e  r e d u c t i o n  
i n  r e s p i r a t o r y  r a t e s .  The c o n s i s t e n t  d e c r e a s e  i n  oxygen  
u t i l i z a t i o n  i n  N a C l - p r e c u l t u r e d  c e l l s  i n d i c a t e d  t h a t  s u p p l e ­
m e n ta l  NaCl c o n c e n t r a t i o n s  d i d  n o t  s e l e c t  f o r  P .  h a lo d u r a n s  
c e l l s .
1 1 .  R e s p i r a t o r y  D e f i c i e n c y  o f  P .  h a lo d u r a n s  In d u c e d  b y  NaCl.
T r i p h e n y l t e t r a z o l i u m  c h l o r i d e  (TTC) h a s  b e e n  u s e d  t o  
d e t e c t  r e s p i r a t o r y  d e f i c i e n c y  i n  y e a s t  ( L in d e g r e n  _et a l . , 
1 9 5 8 ) .  The t e s t i n g  o f  r e s p i r a t o r y  d e f i c i e n c y  was s c o r e d  by  
t h e  i n a b i l i t y  t o  r e d u c e  TTC w i t h i n  1 h ;  t h e  c o l o n i e s  r e m a in  
w h i t e ,  w h i l e  r e s p i r a t o r y  s u f f i c i e n t  c o l o n i e s  t u r n  r e d  from  
t h e  r e d u c e d  fo rm a z a n .
NaCl c o n c e n t r a t i o n s  d i f f e r e n t  from  t h o s e  o f  t h e  
e s t u a r y  ( 0 .3 5  M) r e d u c e d  t h e  r e s p i r a t i o n  o f  P .  h a l o d u r a n s .
An e x p e r im e n t  was d e s ig n e d  t o  d e te r m in e  i f  t h e  r e d u c e d  
r e s p i r a t i o n  c a u s e d  r e s p i r a t o r y  d e f i c i e n c y  i n  t h e  c e l l s .  
S t e r i l e  m o d i f i e d  2216E medium a s  25 ml i n  125 ml E r le n m e y e r  
f l a s k s  was i n o c u l a t e d  w i t h  0 .2 5  ml o f  t h e  s t a n d a r d  inoculum .. 
A f t e r  a t t a i n i n g  t h e  l a t e  l o g a r i t h m i c  g ro w th  p h a s e  a t  20 C 
and 200 rpm , c e l l s  w ere  h a r v e s t e d  and tw i c e  w ashed i n
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N a C l - d e l e t e d  s y n t h e t i c  s e a w a te r  made i s o t o n i c  t o  t h e  g ro w th  
medium w i t h  1 .0 9 7  M g l y c e r o l .  A f t e r  d i l u t i o n  o f  t h e  ce lls  i n  
t h e  i s o t o n i c  w ash s o l u t i o n ,  0 .1  ml a l i q u o t s  w ere  s p r e a d  on 
m o d i f i e d  2216E a g a r  medium w i th  t o t a l  NaCl c o n c e n t r a t i o n s  
r a n g in g  from  0 .0 1  t o  3*75 M. P l a t e s  w ere  i n c u b a t e d  f o r  10 
days  a t  20 C. The c o l o n i e s  w ere  o v e r l a y e d  w i th  0 .1  % TTC 
i n  e i t h e r  1 . 5  % a g a r  o r  10 % g e l a t i n  and  r e - i n c u b a t e d  an  
a d d i t i o n a l  1 h  a t  20  C. The g e l a t i n  w h ich  was k e p t  a t  37 C 
was used  t o  d e te r m in e  i f  t h e  50 C t e m p e r a t u r e  a t  w h ic h  t h e  
a g a r  was k e p t  was d e t r i m e n t a l  t o  r e s p i r a t i o n .
The c o l o n i e s  p ro d u c e d  a r e d  c o l o r  w i t h i n  1 h ,  
i n d i c a t i n g  r e s p i r a t o r y  s u f f i c i e n c y  (T a b le  2 4 ) .  C o lo n ie s  
grown a t  0 .2 0  t o  0 .3 0  M NaCl p ro d u c e d  a r e d  c o l o r  w i t h i n  6 
m in . T h ese  s a l i n i t i e s  r e p r e s e n t e d  NaCl c o n c e n t r a t i o n s  o f  t h e  
e s t u a r y .  Time t o  p ro d u c e  a r e d  c o l o r  i n c r e a s e d  a t  lo w e r  and 
h i g h e r  NaCl c o n c e n t r a t i o n s  t o  a  maximum o f  57 min a t  3.75  M 
N aCl. A l th o u g h  NaCl c o n c e n t r a t i o n s  beyo nd  t h e  r a n g e  o f  t h e  
e s t u a r y  c a u s e d  r e d u c e d  r e s p i r a t i o n  i n  P .  h a lo d u r a n s  c e l l s ,  
t h e s e  c o n c e n t r a t i o n s  d i d  n o t  in d u c e  a b s o l u t e  r e s p i r a t o r y  
d e f i c i e n c i e s  i n  t h e  c e l l s .
12 . T h un berg  S t u d i e s  on P .  h a l o d u r a n s .
A l th o u g h  C>2 u p t a k e  s e r v e s  a s  a s u i t a b l e  m ethod  f o r  
m e a su r in g  t h e  t e r m i n a l  r e a c t i o n  o f  a e r o b i c  r e s p i r a t i o n ,  i t  
f r e q u e n t l y  i s  d e s i r a b l e  t o  m e a su re  e l e c t r o n  t r a n s p o r t  a t  a 
p o i n t  b e f o r e  t h e  t e r m i n a l  o x i d a t i o n ,  o r  t o  m easu re  t h e  
a c t i v i t y  o f  sy s te m s  w h ich  do n o t  t r a n s p o r t  e l e c t r o n s  t o  0 2 * 
T hunberg  em p h a s ize d  t h e  r o l e  o f  h y d ro g e n  a c t i v a t i o n  i n
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r e s p i r a t o r y  p r o c e s s e s  and m e a su re d  a n a e r o b i c  dye  r e d u c t i o n  by  
hy d ro g en  ( e l e c t r o n s )  a s  an i n d e x  o f  t h e i r  a c t i v a t i o n  by 
d e h y d ro g e n a s e  enzymes (U m b re it  e t  a l . ,  1 9 6 4 ) .  To i n v e s t i g a t e  
f u r t h e r  t h e  e f f e c t s  o f  NaGl on r e s p i r a t o r y  a c t i v i t y  b y  P . 
h a l o d u r a n s , t h e  T h u n b erg  t e c h n i q u e  was em ployed .
To s tu d y  t h e  e l e c t r o n  t r a n s p o r t  sy s te m  o f  P .  h a l o d u r a n s , 
t h r e e  o x i d a t i o n - r e d u c t i o n  (0 /R )  d y e s  w ere  u se d ;  m e th y le n e  b l u e  
(MB), and  d i c h l o r o in d o p h e n o l  (DCIF) s i n c e  t h e y  a c c e p t e d  
e l e c t r o n s  a t  t h e  f l a v o p r o t e i n - q u i n o n e  l e v e l  o f  e l e c t r o n  
t r a n s p o r t  b e c a u s e  o f  t h e i r  c o m p a ra b le  0 /R  p o t e n t i a l s  (L a rd y ,  
1 9 4 9 ) ,  a r d  TTC t o  d e te r m in e  w here  t h e  dye a c c e p t s  e l e c t r o n s .
W ith t h e  u s e  o f  t h e s e  0 /R  d y e s ,  i t  was p o s s i b l e  t o  d e te r m in e  
i f  t h e  p r o lo n g e d  TTC r e d u c t i o n  t i m e s  w ere  r e f l e c t i v e  o f  
ch an g e s  i n  t h e  e l e c t r o n  t r a n s p o r t  s y s te m  a t  o r  b e f o r e  t h e  
f l a v o p r o t e i n - q u i n o n e  l e v e l ,  o r  a t  t h e  c y to c h ro m e  l e v e l .
S t e r i l e  m o d i f i e d  2216E medium a s  100 ml w i t h  t o t a l  
NaCl c o n c e n t r a t i o n s  r a n g i n g  from  0 .0 1  t o  5*75 M i n  250 ml 
E r le n m e y e r  f l a s k s  was i n o c u l a t e d  w i th  1 .0  ml o f  t h e  s t a n d a r d  
in o c u lu m . Upon a t t a i n i n g  t h e  l a t e  l o g a r i t h m i c  p h a s e  o f  g ro w th  
a t  20 C and  200 rpm , t h e  c e l l s  w ere  h a r v e s t e d ,  t h r i c e  w ashed , 
and r e s u s p e n d e d  i n  5 ml s y n t h e t i c  s e a w a te r  made i s o t o n i c  t o  
t h e  g ro w th  medium w i t h  NaCl ( w / v ) .  T hunberg  t u b e s  were 
p r e p a r e d  and o p t i c a l  d e n s i t y  p e r f o r m e d  a t  1 m in  i n t e r v a l s  f o r  
56 min o n  t h e  t u b e s  i n c u b a te d  a t  20 C a g a i n s t  b l a n k s  c o n t a i n i n g  
t h e  r e s p e c t i v e  d y e s  and  com ponen ts  i n c l u d i n g  a f o r m a l i z e d  c e l l  
susp  e n s i o n .
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Maximum r e d u c t i o n  o f  TTC b y  P .  h a lo d u r a n s  o c c u r r e d  
a t  0 .1 0  and 0 .3 0  M NaCl ( F i g .  2 0 ) .  A p r o g r e s s i v e  d e la y  and  
d e c r e a s e  i n  r e d u c t i o n  o c c u r r e d  a t  2 .0 0 ,  2 .9 0 ,  0 .0 1  and 3 -7 5  
M, r e s p e c t i v e l y .  The r a t e  o f  r e d u c t i o n  was d e c r e a s e d  a l s o  a t  
t h e s e  f o u r  NaCl c o n c e n t r a t i o n s .  D eh y d ro g en ase  a c t i v i t y  o f  
P .  h a lo d u r a n s  was maximum a t  NaCl c o n c e n t r a t i o n s  r e p r e s e n t a ­
t i v e  o f  e s t u a r i n e  c o n c e n t r a t i o n s  from  w hich  t h e  o rg a n ism  was 
i s o l a t e d .
Maximum r e d u c t i o n  o f  DCIP o c c u r r e d  a t  0 .1 0  and  0 .3 0  
M NaCl ( F i g .  2 1 ) .  I n  t h e  p r e s e n c e  o f  2 .0 0 ,  2 . 9 0 ,  0 .0 1  and
3 -7 5  M N aCl, a  p r o g r e s s i v e  d e la y  and  d e c r e a s e  i n  r e d u c t i o n  
a s  w e l l  a s  a  d e c r e a s e  i n  r e d u c t i o n  r a t e  o c c u r r e d .  DCIP 
r e d u c t i o n  i n d i c a t e d  t h a t  d e h y d ro g e n a s e  a c t i v i t y  was maximum 
a t  NaCl c o n c e n t r a t i o n s  r e p r e s e n t a t i v e  o f  t h e  e s t u a r y .
The r e d u c t i o n  o f  MB by  P . h a lo d u r a n s  was maximum a t  
0 .1 0  and 0 .3 0  M NaCl ( F i g .  2 2 ) .  D e h y d ro g e n a se  a c t i v i t y  was 
maximum a t  e s t u a r i n e  NaCl c o n c e n t r a t i o n s  b u t  d e c r e a s e d  a s  
NaCl c o n c e n t r a t i o n s  d i f f e r e d  from  t h o s e  o f  t h e  e s t u a r y .
The e f f e c t  o f  NaCl c o n c e n t r a t i o n s  on t h e  d e h y d ro g e n a s e  
a c t i v i t y  o f  P .  h a lo d u r a n s  i n d i c a t e d  t h a t  t h e  r e d u c t i o n  i n  
g ro w th  o f  t h e  o rg a n ism  b y  NaCl c o n c e n t r a t i o n s  d i f f e r e n t  t h a n  
t h o s e  o f  t h e  e s t u a r y  may be  due i n  p a r t  t o  t h e  r e d u c t i o n  i n  
d e h y d ro g e n a s e  a c t i v i t y .  The d e c r e a s e  i n  r e d u c t i o n  r a t e s  o f 
TTC, DCIP, and  MB s u g g e s t e d  t h a t  NaCl a f f e c t e d  t h e  e l e c t r o n  
t r a n s p o r t  sy s te m  a t  o r  b e f o r e  t h e  f l a v o p r o t e i n - q u i n o n e  l e v e l .
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1 3 . Q u a l i t a t i v e  M easu rem en ts  o f  t h e  C ytochrom e Com ponents 
o f  P .  h a l o d u r a n s .
The i n c r e a s e d  i o n i c  s t r e n g t h  c a u s e d  h y  s u p p le m e n ta l  
NaCl i n  t h e  medium d e c r e a s e d  t h e  a c t i v i t y  o f  d e h y d ro g e n a s e  
enzym es o f  P .  h a l o d u r a n s . To d e t e r m i n e  i f  s u p p le m e n ta l  NaCl 
a f f e c t e d  enzym es i n v o lv e d  w i t h  t h e  t e r m i n a l  t r a n s f e r  o f  
e l e c t r o n s  i n  a e r o b i c  r e s p i r a t i o n ,  t h e  c y to c h ro m e s  o f  P .  
h a lo d u r a n s  u n s t r e s s e d  and s t r e s s e d  w i t h  s u p p le m e n ta l  NaCl 
w ere  s t u d i e d .
S t e r i l e  m o d i f i e d  2216E medium a s  500 ml and  t h e  
medium s u p p le m e n te d  w i t h  2 .6 0  H NaCl i n  o n e - l i t e r  E r le n m e y e r  
f l a s k s  w ere  i n o c u l a t e d  w i th  5 ml o f  t h e  s t a n d a r d  in o c u lu m .
Upon a t t a i n i n g  t h e  l a t e  l o g a r i t h m i c  p h a s e  a t  20 C an d  200 rpm , 
t h e  c e l l s  w ere  h a r v e s t e d  and  p r e p a r e d  f o r  c y to c h ro m e  a n a l y s i s .  
O p t i c a l  d e n s i t y  m ea su re m e n ts  o f  t h e  c e l l  e x t r a c t s  c o n t a i n i n g  
t h e  c y to c h ro m e s  w ere  made b e tw e e n  400  and  650 nm.
The a b s o r p t i o n  s p e c t r a  o b t a i n e d  from  t h e  r e d u c e d  
w h o le  c e l l  e x t r a c t s  c o n t a i n i n g  t h e  c y to c h ro m e s  o f  P .  h a lo d u r a n s  
grow n i n  t h e  u n su p p le m e n te d  medium (A, B, C) and  2 .6 0  M N a C l-  
su p p le m e n te d  medium ( A 1, B ' ,  C ' )  w ere  s i m i l a r  ( F i g .  2 3 ) .  B o th  
s p e c t r a  o f  c y to c h ro m e s  showed A and  A' p e a k s  ( a l p h a  p e a k s )  
a t  635 nm, B and  B 1 p e a k s  ( b e t a  p e a k s )  a t  597 and  590 nm, 
r e s p e c t i v e l y ,  and  C and C' p e a k s  (gamma o r  S o r e t  p e a k s )  a t  
415  and 425 nm, r e s p e c t i v e l y .  The o c c u r r e n c e  o f  a l p h a  p e a k s  
a t  635 nm s u g g e s t e d  s t r o n g l y  t h e  p r e s e n c e  o f  t h e  Pseudom onas 
b l u e  p r o t e i n  and  t h e  c y to c h ro m e s  & w h ich  show a b s o r p t i o n  
maxima i n  t h i s  r e g i o n  (Lehninger, 1975).
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The d i f f e r e n c e  s p e c t r a  o b t a i n e d  from  t h e  o x i d i z e d  
and r e d u c e d  w hole  c e l l  e x t r a c t s  o f  P .  h a lo d u r a n s  grow n i n  
t h e  u n s u p p le m e n te d  medium (A, B, C, D) and 2 . 6 0  M N aC l-  
su p p le m e n te d  medium ( A ' ,  B 1, C ' , D ' )  were s i m i l a r  ( F i g .  2 4 ) .  
B o th  s p e c t r a  o f  c y to c h ro m e s  showed a lp h a  p e a k s  (A, A ’ )» b e t a  
p e a k s  (B , B ' ) i  t r o u g h s  b e tw een  455 and  465 nm (C , C ' ) »  and 
gamma ( S o r e t )  p e a k s  (D , D ' ) .
The s i m i l a r i t i e s  i n  c u r v e s  f rom  b o th  a b s o r p t i o n  and 
d i f f e r e n c e  s p e c t r a  o f  c y to c h ro m e s  f ro m  u n s t r e s s e d  and  s t r e s s e d  
P . h a l o d u r a n s  c e l l s  i n d i c a t e d  t h a t  an  i n c r e a s e  i n  t h e  i o n i c  
s t r e n g t h  o f  t h e  medium a p p r o x i m a t e ly  1 0 - f o l d  t h a t  o f  t h e  
e s t u a r y  d i d  n o t  a l t e r  t h e  c y to c h ro m e s  o f  t h e  b a c t e r i u m .
1 4 . I n t r a c e l l u l a r  Na and K C o n c e n t r a t i o n s  o f  P .  h a l o d u r a n s  
i n  t h e  P r e s e n c e  o f  0 .3 0 ,  1 . 6 0 ,  and  2 .9 0  M N a C l.
The a b i l i t y  o f  s u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  i n  
m o d i f i e d  2216E medium t o  a f f e c t  t h e  a c t i v i t y  o f  d e h y d ro g e n a s e  
enzym es o f  P .  h a l o d u r a n s  s u g g e s t e d  an  i n c r e a s e  i n  t h e  i n t r a ­
c e l l u l a r  i o n i c  c o n c e n t r a t i o n  and  s t r e n g t h  o f  t h e  c y to p la s m .  
S in c e  a n  i n c r e a s e  i n  t h e  i n t r a c e l l u l a r  c o n c e n t r a t i o n s  o f  Na 
and e s p e c i a l l y  K h a s  'b e e n  r e l a t e d  t o  h a l o p h i l i s m  and  h a l o -  
t o l e r a n c e  o f  h a l p h i l i c  and n o n h a l o p h i l i c  b a c t e r i a ,  r e s p e c t i v e l y  
( C h r i s t i a n  and  W a l th o ,  1 9 6 2 ) ,  a n  i n v e s t i g a t i o n  t o  d e t e r m i n e  
t h e  i n t r a c e l l u l a r  c o n c e n t r a t i o n s  o f  t h e s e  i o n s  i n  P .  h a lo d u r a n s  
c e l l s  u n d e r  NaCl s t r e s s  was u n d e r t a k e n .
S t e r i l e  m o d i f i e d  2216E medium as  1,000 ml and  t h e  
medium su p p le m e n te d  w i t h  1 .5 0  and  2 .6 0  M NaCl i n  t w o - l i t e r ,
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a c id - w a s h e d  E r le n m e y e r  f l a s k s  w ere  i n o c u l a t e d  w i th  10 ml o f  
t h e  s t a n d a r d  in o c u lu m  an d  i n c u b a t e d  a t  20 C and  200 rpm . 
A l i q u o t s  (2 0 0  m l)  o f  t h e  medium w ere  rem oved a t  t h e  e a r l y ,  
m id - ,  and  l a t e  l o g a r i t h m i c  a s  w e l l  a s  t h e  s t a t i o n a r y  p h a s e  
o f  g ro w th .  The c e l l s  w ere  h a r v e s t e d  by  c e n t r i f u g a t i o n  and  
a n a ly z e d  f o r  i n t r a c e l l u l a r  Na and K b y  a to m ic  a b s o r p t i o n  
s p e c t r o p h o t o m e t r y .
When P . h a l o d u r a n s  c e l l s  w ere  grown i n  m o d i f i e d  2216E 
medium c o n t a i n i n g  5^-5 mM Na and  12 mM K, i n t r a c e l l u l a r  Na and 
K c o n c e n t r a t i o n s  w ere  h i g h e s t  a t  t h e  e a r l y  l o g a r i t h m i c  g ro w th  
p h a se  ( T a b le  2 5 ) .  I n t r a c e l l u l a r  Na v a r i e d  from  1 .5 8  t i m e s  
g r e a t e r  t h a n  medium Na a t  t h e  e a r l y  l o g a r i t h m i c  p h a s e  t o  
a p p r o x im a te ly  e q u i v a l e n t  Na a t  t h e  s t a t i o n a r y  p h a s e .  I n t r a ­
c e l l u l a r  K was a p p r o x i m a t e ly  d o u b le  t h e  medium K a t  t h e  e a r l y  
l o g a r i t h m i c  p h a s e  and  d e c r e a s e d  t o  1 .7 1  t i m e s  t h e  medium K 
a t  t h e  s t a t i o n a r y  p h a s e .  I n t r a c e l l u l a r  f l u i d  volume was 
h i g h e s t  a t  t h e  e a r l y  l o g a r i t h m i c  p h a s e  ( 1 .9 9  m l /g  d r y  w e ig h t )  
b u t  r e m a in e d  r e l a t i v e l y  c o n s t a n t  t h r o u g h o u t  t h e  g ro w th  c y c l e .  
The r a t i o  o f  i n t r a c e l l u l a r  Na t o  i n t r a c e l l u l a r  K i n d i c a t e d  
t h a t  K w as a c c u m u la te d  t o  a g r e a t e r  e x t e n t  t h a n  Na. P .  
h a lo d u r a n s  e x h i b i t e d  i n t r a c e l l u l a r  Na and  K a t  c o n c e n t r a t i o n s  
e q u a l  t o  o r  g r e a t e r  t h a n  t h o s e  o f  i t s  e n v iro n m e n t  w i th  t h e  
c o n c e n t r a t i o n s  o f  t h e s e  i o n s  d e p e n d e n t  u p o n  t h e  p h y s i o l o g i c a l  
age o f  t h e  c u l t u r e .
I n  t h e  p r e s e n c e  o f  1 .5 0  M s u p p le m e n ta l  NaCl, P .  
h a lo d u r a n s  c e l l s  h a d  t h e  h i g h e s t  i n t r a c e l l u l a r  c o n c e n t r a t i o n s  
o f  Na and  K a t  t h e  e a r l y  l o g a r i t h m i c  g ro w th  p h a se  ( T a b le  2 6 ) .
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I n  m o d i f i e d  2216E c o n t a i n i n g  1659 saM Na and 12 mM K, i n t r a ­
c e l l u l a r  Na v a r i e d  from  70 t o  50 % medium Na and i n t r a c e l l u l a r  
K fro m  n e a r l y  18 t o  1 1 - f o l d  medium K a s  t h e  c e l l s  p r o g r e s s e d  
from  th e  e a r l y  l o g a r i t h m i c  t o  t h e  s t a t i o n a r y  g ro w th  p h a s e .  
Medium Na was 137-14-0 t i m e s  g r e a t e r  t h a n  medium K, h u t  
i n t r a c e l l u l a r  Na was o n ly  a p p r o x i m a t e ly  6 t i m e s  g r e a t e r  t h a n  
i n t r a c e l l u l a r  K owing t o  t h e  r e l a t i v e l y  g r e a t e r  a c c u m u la t io n  
o f  K t h a n  Na. I n t r a c e l l u l a r  f l u i d  volum e was h i g h e s t  a t  t h e  
e a r l y  l o g a r i t h m i c  p h a se  ( 5 .2 7  m l /g  d r y  w e ig h t )  and r e p r e s e n t e d  
g r e a t e r  t h a n  a  2 . 5 - f o l d  i n c r e a s e  com pared  t o  t h e  maximum 
i n t r a c e l l u l a r  f l u i d  vo lum e f o r  u n t r e a t e d  c e l l s .  P . h a l o d u r a n s  
c e l l s  d i d  n o t  e x c lu d e  Na and  K when grown i n  1 .3 0  M s u p p l e ­
m e n ta l  NaCl, a c c u m u la t in g  n e a r l y  2 . 5  and  8 . 5  t im e s  t h e  
i n t r a c e l l u l a r  Na and K, r e s p e c t i v e l y ,  com pared  to  u n t r e a t e d  
c e l l s .  T h is  i n c r e a s e d  i n t r a c e l l u l a r  i o n i c  c o n c e n t r a t i o n  was 
c o n c u r r e n t  w i t h  a n  i n c r e a s e d  i n t r a c e l l u l a r  f l u i d  vo lum e  
com pared  t o  u n t r e a t e d  c e l l s .
When P .  h a l o d u r a n s  c e l l s  w ere  grown i n  2 .6 0  M N aC l- 
su p p le m e n te d  m o d i f i e d  2216E medium c o n t a i n i n g  2920 mM Na and 
12 mM K , th e  i n t r a c e l l u l a r  Na a n d  K c o n c e n t r a t i o n s  w ere  
h i g h e s t  a t  th e  e a r l y  l o g a r i t h m i c  g ro w th  p h a s e  (T a b le  2 7 ) .  
I n t r a c e l l u l a r  Na v a r i e d  fro m  s l i g h t l y  l e s s  t h a n  50 t o  36 % 
medium Na and i n t r a c e l l u l a r  K v a r i e d  from  32 t o  n e a r l y  2 0 - f o l d  
medium K a s  t h e  c e l l s  p r o g r e s s e d  f ro m  t h e  e a r l y  l o g a r i t h m i c  
to  t h e  s t a t i o n a r y  p h a s e .  Medium Na was n e a r l y  250 t i m e s  
medium K w h i le  i n t r a c e l l u l a r  Na was l e s s  t h a n  4 t i m e s  i n t r a ­
c e l lu l a r  K owing t o  t h e  r e l a t i v e l y  g r e a t e r  a c c u m u la t i o n  o f  K
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t h a n  N a. I n t r a c e l l u l a r  f l u i d  vo lum e was h i g h e s t  a t  t h e  ea r ly -  
l o g a r i t h m i c  p h a s e  ( 8 .4 9  m l /g  d r y  w e ig h t)  an d  r e p r e s e n t e d  
g r e a t e r  t h a n  a 4 - f o l d  i n c r e a s e  com pared  t o  u n t r e a t e d  c e l l s .  
I n t r a c e l l u l a r  Na an d  K c o n c e n t r a t i o n s  i n c r e a s e d  n e a r l y  3 and  
1 6 - f o l d  com pared  t o  i n t r a c e l l u l a r  Na and K c o n c e n t r a t i o n s  f o r  
- u n t r e a te d  c e l l s .
The i n c r e a s e  i n  i n t r a c e l l u l a r  Na and  K a s  medium NaCl 
c o n c e n t r a t i o n  i n c r e a s e d  i n d i c a t e d  t h a t  t h e s e  i o n s  w ere  n o t  
e x c lu d e d  from  t h e  c e l l s .  I n t r a c e l l u l a r  Na c o n c e n t r a t i o n s  
w ere d e p e n d e n t  upon  medium Na c o n c e n t r a t i o n s  s u g g e s t i n g  t h a t  
Na e n t e r e d  t h e  c e l l s  p a s s i v e l y .  I f  s o ,  t h e  c e l l s  a p p e a re d  
to  h ave  a  l i m i t  t o  t h e  amount o f  i n t r a c e l l u l a r  Na, s i n c e  l e s s  
t h a n  50 % o f  medium Na was i n t r a c e l l u l a r  f o r  c e l l s  grown a t
2 .9 0  M N aC l. On t h e  o t h e r  h a n d ,  t h e  i n c r e a s e d  i n t r a c e l l u l a r  
K c o n c e n t r a t i o n ,  up t o  3 2 - f o l d  g r e a t e r  t h a n  medium K, a t
2 .9 0  M NaC.1 s u g g e s t e d  a n  a c t i v e  u p ta k e  o f  K. T hus, t h e  
r e l a t i o n  b e tw e e n  K a c c u m u la t io n  and  h a l o t o l e r a n c e  may be  
a p p l i e d  t o  P .  h a l o d u r a n s . The c o n c u r r e n t  i n c r e a s e  i n  i n t r a ­
c e l l u l a r  f l u i d  volum e w i th  i n c r e a s e d  i n t r a c e l l u l a r  Na and  K 
c o n c e n t r a t i o n s  and  s u b s e q u e n t  i n c r e a s e d  i n t r a c e l l u l a r  i o n i c  
c o n c e n t r a t i o n  o f  t h e  c y to p la s m  s u g g e s te d  t h a t  t h e  i n c r e a s e d  
volum e i n  c e l l  s i z e  a t  s u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  
g r e a t e r  t h a n  1 2 - f o l d  t h o s e  o f  t h e  e s t u a r y  was due p r i m a r i l y  
t o  H^O u p t a k e .
To g e t  an  i d e a  o f  t h e  r a p i d i t y  a t  w h ic h  N a C l - s t r e s s e d  
c e l l s  t a k e  up Na and  K from  t h e  medium, t h e  f o l l o w i i g  
e x p e r im e n t  was p e r f o r m e d .  A l i q u o t s  (200 m l)  from  t h e  e a r l y
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l o g a r i t h m i c  p h a s e  c u l t u r e  i n  m o d i f i e d  2216E medium fro m  t h e  
p r e c e d i n g  e x p e r im e n t  w ere  rem oved t o  s t e r i l e ,  a c id -w a s h e d  
500 m l E r le n m e y e r  f l a s k s .  P r i o r  t o  t h e  a d d i t i o n  o f  2 .6 0  M 
NaCl ( t im e  z e r o ) ,  50 ml a l i q u o t s  w ere  rem oved an d  a n a ly z e d  
f o r  i n t r a c e l l u l a r  Na and  K. The f l a s k s  w ere  t h e n  i n c u b a t e d  
a t  20 C an d  200 rpm. A t 24 , 4 8 ,  an d  72 h a f t e r  t h e  NaCl 
a d d i t i o n ,  50 ml a l i q u o t s  were rem oved  and a n a ly z e d  f o r  
i n t r a c e l l u l a r  Na and  K. The Na c o n c e n t r a t i o n  i n  t h e  u n su p ­
p le m e n te d  medium was 350 mil and  t h e  K c o n c e n t r a t i o n  was 
12 mM. The 2 .6 0  M N aC 'l-su p p lem en ted  medium c o n t a i n e d  2922 
mM Na and 12 mM K.
The a d d i t i o n  o f  2 .6 0  M s u p p le m e n ta l  NaCl r e s u l t e d  i n  
an  i n c r e a s e  i n  t h e  i n t r a c e l l u l a r  f l u i d  volum e from  1 .8 7  t o  
4 .2 1  m l /g  d r y  w e ig h t ,  i n t r a c e l l u l a r  Na c o n c e n t r a t i o n  from  
458  t o  2145 mM, and i n t r a c e l l u l a r  K c o n c e n t r a t i o n  from  2 4 .4  
t o  288 mM a f t e r  24 h  ( T a b le  2 8 ) .  I n t r a c e l l u l a r  f l u i d  volum e 
i n c r e a s e d  t o  a  maximum o f  8 .5 3  m l /g  d r y  w e ig h t  a f t e r  72 h .  
A l th o u g h  i n t r a c e l l u l a r  Na c o n c e n t r a t i o n  i n c r e a s e d ,  t h e  r a t i o  
o f  i n t r a c e l l u l a r  Na t o  medium Na d e c r e a s e d  from  1 .3 1  t o  0 .73>  
24 h  a f t e r  t h e  a d d i t i o n  o f  N aC l. I n  c o n t r a s t ,  t h e  r a t i o  o f  
i n t r a c e l l u l a r  K t o  medium K i n c r e a s e d  g r e a t e r  t h a n  an  o r d e r  
o f  m a g n i tu d e  t o  2 4 .0 ,  24 h a f t e r  NaCl a d d i t i o n .  A l th o u g h  t h e  
maximum i n c r e a s e  i n  i n t r a c e l l u l a r  f l u i d  volum e was s lo w , 
r e q u i r i n g  72 h ,  maximum a c c u m u la t io n  o f  Na and  K o c c u r r e d  
w i t h i n  24 h .
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221 5 .  A c c u m u la t io n  o f  Na b y  I n t a c t  C e l l s  and  C e l l  E n v e lo p e s  
o f  P .  h a lo d u r a n s  U n d e r  NaCl S t r e s s .
P . h a lo d u r a n s  a c c u m u la te d  f ro m  485 t o  1382 mM Na,
d e p e n d e n t  u p o n  medium NaCl c o n c e n t r a t i o n  an d  t h e  a g e  o f  th e
c u l t u r e .  To d e te r m in e  t h e  p e r c e n t  o f  Na t h a t  was a s s o c i a t e d
w i t h  t h e  c e l l  and  t h e  c e l l  e n v e lo p e ,  t h e  f o l l o w i n g  e x p e r im e n t
22u t i l i z i n g  r a d i o a c t i v e  NaCl was p e r f o r m e d .  S t e r i l e  m o d i f ie d
2216E medium a s  500 ml a n d  th e  medium su p p le m e n te d  w i t h  1 .3 0
and 2 .6 0  M NaCl i n  o n e - l i t e r ,  a c id - w a s h e d  E r le n m e y e r  f l a s k s
22w ere  su p p le m e n te d  w i th  NaCl t o  i n i t i a l  c o n c e n t r a t i o n s  of
0 .0 0 6  jiC i/m l ( 2 .2 2  x  1 0 - 2  nM), 0 . 0 $  p C i /m l  ( 1 1 .1  x  1 0 " 2 nM),
a n d  0 .0 6  p C i /m l  (2 2 .2  x  10~2 nM), r e s p e c t i v e l y .  The t h r e e
m ed ia  w ere  i n o c u l a t e d  w i t h  5 ml o f  t h e  s t a n d a r d  in o cu lu m  u s e d
i n  t h e  p r e v i o u s  e x p e r im e n t .  F l a s k s  w ere  i n c u b a t e d  a t  20 C
and  200 rpm w i t h  10 ml a l i q u o t s  rem oved  one and  two h  a f t e r
i n o c u l a t i o n  an d  100 ml a l i q u o t s  rem oved  a t  t h e  e a r l y ,  m id - ,
l a t e  l o g a r i t h m i c ,  and s t a t i o n a r y  g r o w th  p h a s e s .  The c e l l s
w ere  h a r v e s t e d  b y  c e n t r i f u g a t i o n ,  an d  a n a ly z e d  f o r  c e l l -  
22a s s o c i a t e d  N a. C e l l  e n v e lo p e s  w e re  e x t r a c t e d  from  a  p o r t i o n
22o f  t h e  c e l l s  and  a n a l y z e d  f o r  c e l l  e n v e l o p e - a s s o c i a t e d  Na.
22C e l l - a s s o c i a t e d  Na f o r  P .  h a lo d u r a n s  c e l l s  i n
u n s u p p le m e n te d  m o d if i e d  2216E medium v a r i e d  from  4 . 3 5  to
PPs l i g h t l y  more t h a n  1 % o f  th e  medium Na c o n c e n t r a t i o n  a s  
t h e  p h y s i o l o g i c a l  age o f  t h e  c u l t u r e  p r o g r e s s e d  fro m  e a r l y
l o g a r i t h m i c  t o  s t a t i o n a r y  p h a se  ( T a b l e  2 9 ) .  The p e r c e n t  o f
22 22 c e l l - a s s o c i a t e d  Na t o  medium Na c o n c e n t r a t i o n  v a r i e d
fro m  5 .1  t o  0 . 6 6  % and  8 . 8  t o  1 .2  % f o r  c e l l s  grow n i n  1 .3 0
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and 2 .6 0  M NaCl su p p le m e n t  ed-m edium , r e s p e c t i v e l y .  The •
2?amount o f  Na a s s o c i a t e d  w i t h  t h e  c e l l  e n v e lo p e s  o f  P .
22h a lo d u r a n s  was l e s s  t h a n  2 % t h e  medium Na c o n c e n t r a t i o n .
22However, t h e  amount o f  Na a s s o c i a t e d  w i t h  t h e  c e l l  e n v e lo p e s
v a r i e d  f ro m  22 t o  n e a r l y  13 % t h e  amount a s s o c i a t e d  w i t h  t h e
c e l l s .  T h u s ,  P . h a l o d u r a n s  c e l l s  a c c u m u la te d  th e  m a j o r i t y  
22o f  Na i n t e r i o r  t o  t h e  c e l l  e n v e lo p e .  The c e l l  e n v e lo p e  
may have  a  l i m i t e d  number o f  b i n d i n g  s i t e s  t h a t  a r e  s y n t h e ­
s i z e d  r a p i d l y  d u r in g  t h e  e a r l y  l o g a r i t h m i c  g ro w th  p h a s e  o f
P .  h a l o d u r a n s . L im i te d  num bers  o f  b i n d i n g  s i t e s  would allow
22f o r  o n ly  a  sm a ll  p e r c e n t  o f  t h e  t o t a l  Na i n  t h e  medium t o
b in d  r a p i d l y  t o  t h e  c e l l  e n v e lo p e .
I f  N a -b in d in g  s i t e s  w ere  l i m i t e d ,  t h e n  t h e  a d d i t i o n
22o f  s u p p le m e n ta l  NaCl an d  NaCl t o  an  e a r l y  l o g a r i t h m i c  p h a s e
c u l t u r e  s h o u ld  r e s u l t  i n  l i t t l e  i f  any  a d d i t i o n a l  c e l l
22e n v e l o p e - a s s o c i a t e d  Na.
22The r e m a in in g  80 ml o f  N a - a s s o c i a t e d  P. h a l o d u r a n s  
c e l l s  grow n i n  m o d i f i e d  2216E medium fro m  t h e  p r e c e d in g  
e x p e r im e n t  was s u p p le m e n te d  w i t h  2 .6 0  M NaCl and  0 .3 9  p C i /m l  
( t o  m a i n t a i n  th e  r e l a t i o n  b e tw e e n  l a b e l l e d  and  u n l a b e l l e d  Na
i n  t h e  m edium ). P r i o r  t o  t h e  a d d i t i o n  o f  s u p p le m e n ta l  NaCl
2?and NaCl ( t im e  z e r o ) ,  13 ml a l i q u o t s  w ere  removed and
a n a ly z e d  f o r  c e l l - a s s o c i a t e d  an d  c e l l  e n v e l o p e - a s s o c i a t e d  
22Na. A t 24-, 4-8, an d  72 h  a f t e r  t h e  a d d i t i o n  o f  l a b e l l e d  and
u n l a b e l l e d  Na a t  20 C and  200 rpm , 15 ml a l i q u o t s  w ere
removed a n d  a n a ly z e d  f o r  c e l l - a s s o c i a t e d  an d  c e l l  e n v e l o p e -  
22a s s o c i a t e d  Na.
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22The a d d i t i o n  o f  s u p p le m e n ta l  NaCl t o  a n  e a r l y
l o g a r i t h m i c  P .  h a lo d u r a n s  c u l t u r e  d id  n o t  i n c r e a s e  t h e  p e r c e n t
22 22 o f c e l l  e n v e l o p e - a s s o c i a t e d  Na t o  c e l l - a s s o c i a t e d  Na
22( T a b le  3 0 ) .  P e r c e n t  c e l l  e n v e l o p e - a s s o c i a t e d  Na d e c l i n e d
from  20 % a t  t im e  ze ro  t o  15  % 72 h  a f t e r  ^ N a C l  a d d i t i o n .
22 22 Maximum c e l l - a s s o c i a t e d  Na o c c u r r e d  24- h  a f t e r  NaCl
a d d i t i o n .  P .  h a lo d u r a n s  c e l l  e n v e lo p e s  p r o b a b l y  c o n t a i n e d  a
l i m i t e d  num ber o f  N a - b in d in g  s i t e s  t h a t  w e re  o c c u p ie d  r a p i d l y
d u r i n g  t h e  e a r l y  l o g a r i t h m i c  g ro w th  p h a s e .  I f  s o ,  t h e  
2?r e m a in in g  Na a s s o c i a t e d  w i t h  t h e  c e l l s  was l o c a t e d  i n t e r i o r  
t o  t h e  c e l l  e n v e lo p e .
22When t h e  c e l l - a s s o c i a t e d  Na d a t a  from  t h e  p r e v i o u s
e x p e r im e n ts  w e re  r e l a t e d  t o  t h e  d ry  w e ig h t  o f  t h e  c e l l s ,
22maximum c e l l  p e l l e t - a s s o c i a t e d  Na/mg d r y  w e ig h t  o c c u r r e d
d u r i n g  t h e  e a r l y  l o g a r i t h m i c  g ro w th  p h a s e  r e g a r d l e s s  o f  t h e
NaCl c o n c e n t r a t i o n  o f  t h e  medium ( F i g .  2 5 ) .  V a lu e s  d e c r e a s e d
s t e e p l y  a s  t h e  c u l t u r e s  a g e d .  When a n  e a r l y  l o g a r i t h m i c  p h a s e
c u l t u r e  was s t r e s s e d  w i th  2 . 6 0  M NaCl and  0 .3 9  p C i /m l  ^ N a C l
( i n d i c a t e d  b y  a rro w  i n  F i g .  2 5 ) ,  c e l l - p e l l e t  a s s o c i a t e d  
22Na/mg d r y  w e ig h t  was maximum a t  a  p o i n t  c o r r e s p o n d i n g  t o  
t h e  e x te n d e d  e a r l y  l o g a r i t h m i c  p h a se  o f  t h e  N a C l - s t r e s s e d
c u l t u r e .  R e g a r d l e s s  o f  medium NaCl and w h e th e r  s t u d i e d  a s
22 22 c e l l - a s s o c i a t e d  Na o r  c e l l  p e l l e t - a s s o c i a t e d  Na/mg d r y
22w e i g h t ,  Na u p t a k e  o c c u r r e d  r a p i d l y  d u r i n g  t h e  e a r l y  l o g a ­
r i t h m i c  g ro w th  p h a se  o f  P .  h a l o d u r a n s .
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D. B io c h e m ic a l  R e sp o n se s  o f  P .  h a lo d u r a n s  t o  S u p p le m e n ta l
NaCl C o n c e n t r a t i o n s  R a n g in g  From 0 .0  t o  5 .4 5  M.
1 .  C a rb o n , N i t r o g e n ,  P h o s p h o ru s  R a t i o s  o f  P .  h a l o d u r a n s  i n
t h e  P r e s e n c e  o f  NaCl S t r e s s .
The r a t i o  o f  c a rb o n  ( C) ,  n i t r o g e n  ( N) ,  an d  p h o s p h o ru s  
(P )  v a r y  t h r o u g h o u t  t h e  n o rm a l  g ro w th  c y c l e  (B r o c k ,  1 9 7 0 ) .
When 2 .6 0  M s u p p le m e n ta l  NaCl was added  t o  a  g ro w in g  c u l t u r e  
o f  P .  h a lo d u r a n s  (0 D = 0 .2 5 ) ,  t h e  o p t i c a l  d e n s i t y  re m a in e d  
c o n s t a n t  f o r  24- h  b e f o r e  i n c r e a s i n g  t o  a  maximum o f  0 .8 0  
a f t e r  72 h .  An e x p e r im e n t  was u n d e r t a k e n  t o  d e te r m in e  
c e l l u l a r  a c t i v i t y  d u r in g  t h e  t im e  o f  t h e  u n c h a n g e d  o p t i c a l  
d e n s i t y .
S t e r i l e  m o d i f i e d  2216E medium a s  150 ml i n  250 ml 
E r le n m e y e r  f l a s k s  was i n o c u l a t e d  w i th  1 . 5  ml o f  t h e  s t a n d a r d  
in o c u lu m . Upon i n c u b a t i n g  a t  20 C and  200 rpm f o r  t h r e e  
h ,  t h e  medium was s u b d iv id e d  i n t o  t h r e e  50 ml a l i q u o t s .
A l i q u o t  one was s t r e s s e d  w i t h  2 .6 0  M s u p p le m e n ta l  NaCl, 
a l i q u o t  two was s t r e s s e d  w i t h  4 .3 0  M s u p p le m e n ta l  N aCl, a 
p r o h i b i t i v e  c o n c e n t r a t i o n  f o r  g ro w th ,  and  a l i q u o t  t h r e e  was 
u n t r e a t e d .  P e r i o d i c a l l y ,  sa m p le s  w ere  rem oved f o r  e n u m e ra t io n  
on m o d i f i e d  2216E a g a r  medium. C e l l s  w ere  h a r v e s t e d  by 
c e n t r i f u g a t i o n  a t  1 0 ,0 0 0  x  g f o r  15 m in a t  4  C, w ashed t w i c e  
i n  s y n t h e t i c  s e a w a t e r ,  an d  b r o u g h t  t o  an  o p t i c a l  d e n s i t y  o f  
a p p r o x im a te ly  0 . 5  a t  420 nm. From t h i s  c e l l  s u s p e n s io n ,  
c a r b o n  was d e te r m in e d  b y  t h e  m ethod o f  M enzel an d  V acca ro  
(1 9 6 4 )  u s i n g  CO2 a s  a s t a n d a r d ,  n i t r o g e n  by m ic ro - K , j e ld a h l  
( J a c o b s ,  1965) u s i n g  (N H ^^SO ^ (F is h e i )  a s  a  s t a n d a r d ,  and
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p h o s p h o ru s  b y  t h e  m ethod  o f  A l l e n  (194-0) u s in g  KI^PO^ ( F i s h e r )  
a s  a s t a n d a r d .
As d e te r m in e d  b y  CFU/ml, t h e  c o n t r o l  ( 0 . 5 0  M NaCl) 
u n d e rw e n t  a  s ig m o id a l  g ro w th  c u r v e ;  a  5 h  l a g  p h a s e ,  a  7 h  
l o g a r i t h m i c  p h a s e ,  an d  a d e c l i n i n g  p h a s e  ( F ig .  26A ). The 
a d d i t i o n  o f  2 . 6 0  M NaCl r e s u l t e d  i n  a  r e d u c e d  r a t e  o f  c e l l  
d i v i s i o n  up t o  7 h  a f t e r  a d d i t i o n ,  t h e n  an  a c c e l e r a t e d  r a t e  
f o r  t h e  f o l l o w i n g  26 h  w i t h  a s u b s e q u e n t  s t a b i l i z a t i o n  
t h e r e a f t e r  t o  4-8 h .  The a d d i t i o n  o f  4 . 3 0  M NaCl i n h i b i t e d  
m u l t i p l i c a t i o n  c o m p l e t e ly ,  w i t h  no g ro w th  o c c u r r i n g .
The C :P  and N :P  r a t i o s  o f  t h e  c o n t r o l  r o s e  g r a d u a l l y ,  
c o i n c i d e n t  w i t h  t h e  e a r l y  l o g a r i t h m i c  p h a s e ,  t h e n  i n c r e a s e d  
n e a r l y  2 - f o l d  t h e  o r i g i n a l  l e v e l s ,  b e f o r e  d r o p p in g ,  c o i n c i d e n t  
w i t h  t h e  d e c l i n i n g  p h a s e  o f  g ro w th  ( F i g .  26B). The a d d i t i o n  
o f  2 .6 0  M NaCl r e s u l t e d  i n  a s t e a d y  i n c r e a s e  i n  t h e  C :P  and 
N :P  r a t i o s  t o  n e a r l y  2 - f o l d  a f t e r  48  h  compared t o  t h e  C :P 
and  N :P r a t i o s  a t  t h e  t im e  o f  NaCl a d d i t i o n .  The a d d i t i o n  
o f  4 . 3 0  M NaCl r e s u l t e d  i n  s t e a d y  low  C:P and N :P  r a t i o s ,  
s i m i l a r  t o  t h a t  a t  t h e  t im e  o f  NaCl a d d i t i o n .  The a d d i t i o n  
o f  2 .6 0  M NaCl r e p r e s s e d  b u t  d i d  n o t  a r r e s t  g ro w th  and  
m u l t i p l i c a t i o n  o f  P .  h a l o d u r a n s . The r e p r e s s e d  c e l l s  b eg an  
t o  m u l t i p l y  r a p i d l y  o n c e  t h e  c e l l s  a d j u s t e d  t o  t h e  i n c r e a s e d  
i o n i c  c o n c e n t r a t i o n  o f  t h e  medium. I n  l i g h t  o f  t h e  i n c r e a s e d  
i n t r a c e l l u l a r  Na and  K c o n c e n t r a t i o n s  a t  s u p p le m e n ta l  medium 
NaCl c o n c e n t r a t i o n s  and  t h e  s i m i l a r i t y  i n  th e  C :P  and  N:P 
r a t i o s  o f  u n s t r e s s e d  a n d  N a C l - s t r e s s e d ,  no i o n i c - i n d u c e d  
m e t a b o l i c  im b a la n c e  o c c u r r e d  a s  P .  h a lo d u r a n s  a d j u s t e d  t o  t h e
2 .6 0  M NaCl s t r e s s .
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2 .  DNA: RNA: P r o t e i n : C a r b o h y d r a t e :P h o s p h o l i p i d  R a t i o s  o f  P .  
h a l o d u r a n s  i n  t h e  P r e s e n c e  o f  S u p p le m e n ta l  N aC l.
The b io c h e m ic a l  c o n s t i t u e n t s  o f  P .  h a lo d u r a n s  a r e  
com posed, i n  p a r t ,  o f  c a r b o n ,  n i t r o g e n ,  and  p h o s p h o r u s .  An 
a d d i t i o n a l  t e c h n iq u e  t o  s t u d y  t h e  e f f e c t  b e tw e e n  s u p p le m e n ta l  
NaCl and  g ro w th  and  m u l t i p l i c a t i o n  o f  t h e  o rg a n is m  u t i l i z e d  
d e t e r m i n i n g  t h e  c o n c e n t r a t i o n s  o f  t h e  b i o c h e m i c a l  c o n s t i t u e n t s :  
DNA, RNA, p r o t e i n ,  c a r b o h y d r a t e ,  and  p h o s p h o l i p i d  a t  v a r i o u s  
g ro w th  p h a s e s  o f  t h e  c u l t u r e .  An a l t e r a t i o n  i n  t h e  b i o s y n ­
t h e s i s  o f  one o r  more o f  t h e  b i o c h e m i c a l  c o n s t i t u e n t s  c o u ld  
a s s i s t  i n  e x p l a i n i n g  t h e  r e d u c e d  g ro w th  o f  P .  h a lo d u r a n s  a s  
s u p p le m e n ta l  medium NaCl c o n c e n t r a t i o n  i n c r e a s e d .
D u p l i c a t e ,  s t e r i l e  m o d i f i e d  2216E medium a s  100 ml 
w i th  s u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  r a n g i n g  f ro m  0 .0  t o  
3 .4 5  M i n  250 ml E r le n m e y e r  f l a s k s  w ere  i n o c u l a t e d  w i t h  1 . 0  
ml o f  t h e  s t a n d a r d  in o c u lu m .  A l i q u o t s  (2 5  m l) o f  t h e  c u l t u r e  
grown a t  20  C and 200  rpm w ere  rem oved a t  t h e  e a r l y ,  m id - ,  
l a t e  l o g a r i t h m i c ,  and  s t a t i o n a r y  g ro w th  p h a s e s .  C e l l s  w ere  
w ashed i n  25  ml o f  s y n t h e t i c  s e a w a t e r  made i s o t o n i c  t o  t h e  
g ro w th  medium w i th  NaCl (w /v )  and  a n a ly z e d  f o r  DNA, RNA, 
p r o t e i n ,  c a r b o h y d r a t e ,  and  p h o s p h o l i p i d .
P .  h a lo d u r a n s  c e l l s  grown t o  t h e  e a r l y  l o g a r i t h m i c  
p h a s e  d e m o n s t r a te d  t h e  h i g h e s t  c o n c e n t r a t i o n s  o f  DNA, RNA, 
p r o t e i n ,  c a r b o h y d r a t e ,  and  p h o s p h o l i p i d  i n  u n su p p le m e n te d  
medium ( T a b le  3 1 ) .  B io c h e m ic a l  c o n s t i t u e n t  c o n c e n t r a t i o n s  
d e c r e a s e d  s t e a d i l y  t o  a p p r o x i m a t e ly  20  % com pared  t o  u n s t r e s s e d ­
c e l l  c o n c e n t r a t i o n s  a t  3*4-5 M s u p p le m e n ta l  N aC l. When t h e
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■biochem ical c o n s t i t u e n t  c o n c e n t r a t i o n s  w ere  compared, t o  DNA, 
t h e  r a t i o s  o f  D N A :R N A :p r o te in :c a r b o h y d r a te :p h o s p h o l ip id  were 
u n a l t e r e d  b y  s u p p le m e n ta l  NaCl c o n c e n t r a t i o n s .  T hus, t h e  
e f f e c t  o f  s u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  up t o  3 .^ 5  M on 
t h e  e a r l y  l o g a r i t h m i c  g ro w th  o f  P .  h a l o d u r a n s  c o u ld  n o t  b e  
a t t r i b u t e d  t o  t h e  i n c r e a s e d  i n t r a c e l l u l a r  i o n i c  c o n c e n t r a ­
t i o n s  ,o f Na and K c a u s i n g  c h a n g e s  i n  t h e  b i o s y n t h e s i s  o f  t h e  
c e l l ' s  b io c h e m ic a l  c o n s t i t u e n t s .
When P .  h a lo d u r a n s  c e l l s  w ere  s t u d i e d  a t  t h e  m id -  
l o g a r i t h m i c  p h a s e ,  t h e  r a t i o s  o f  DNA:R N A :p r o te in :c a r b o h y ­
d r a t e :  p h o s p h o l i p i d  w ere  u n c h a n g e d  b y  s u p p le m e n ta l  NaCl 
c o n c e n t r a t i o n s  t o  3.4-5 M ( T a b le  3 2 ) .  T h u s ,  s u p p le m e n ta l  NaCl 
c o n c e n t r a t i o n s  d i d  n o t  a f f e c t  t h e  b i o c h e m i c a l  c o n s t i t u e n t  
c o n c e n t r a t i o n  o f  m i d - l o g a r i t h m i c  P .  h a l o d u r a n s  c e l l s .  The 
r e d u c e d  g ro w th  r a t e  o f  P .  h a lo d u r a n s  d u r i n g  t h e  m id - l o g a r i t h m i c  
p h a se  a s  s u p p le m e n ta l  medium NaCl c o n c e n t r a t i o n  i n c r e a s e d  was 
n o t  due t o  i o n i c - i n d u c e d  c h a n g e s  i n  t h e  b i o s y n t h e s i s  o f  any 
o f  t h e  b i o c h e m ic a l  c o n s t i t u e n t s .
A lth o u g h  t h e  c o n c e n t r a t i o n s  o f  t h e  b i o c h e m i c a l  c o n s t i ­
t u e n t s  w ere  h i g h e s t  f o r  P .  h a l o d u r a n s  c e l l s  i n  u n su p p le m e n te d  
medium a t  l a t e  l o g a r i t h m i c  p h a s e ,  t h e  r a t i o s  o f  DNA:RNA: 
p r o t e i n : c a r b o h y d r a t e : p h o s p h o l i p i d  r e m a in e d  c o n s i s t e n t  a s  th e  
s u p p le m e n ta l  NaCl c o n c e n t r a t i o n  i n c r e a s e d  t o  3 -^ 5  M (T a b le  
33) .  S u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  g r e a t e r  t h a n  1 2 - f o l d  
t h o s e  o f  t h e  e s t u a r y  d i d  n o t  a l t e r  t h e  b i o s y n t h e s i s  o f  any  
o f  t h e  b io c h e m ic a l  c o n s t i t u e n t s  d u r i n g  t h e  l a t e  l o g a r i t h m i c  
g ro w th  p h a s e .
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The r a t i o s  o f  DNA: R N A :p r o t e in : c a r b o h y d r a t e :p h o s p h o ­
l i p i d  o f  s t a t i o n a r y  p h a s e  P .  h a lo d u r a n s  c e l l s  w ere  n o t  changed  
by  s u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  i n  t h e  medium ( T a b l e  3 4 ) .  
S u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  d id  n o t  a l t e r  t h e  r a t i o  o f  
t h e  b io c h e m i c a l  c o n s t i t u e n t s  o f  P .  h a l o d u r a n s  d u r i n g  t h e  
g ro w th  c y c l e .  T h u s , t h e  a b i l i t y  o f  s u p p le m e n ta l  NaCl co n cen ­
t r a t i o n s  up t o  1 2 - f o l d  g e r a t e r  t h a n  t h o s e  o f  th e  e s t u a r y  t o  
r e d u c e  g ro w th  and  m u l t i p l i c a t i o n  o f  P .  h a lo d u r a n s  w as n o t  
due t o  i o n i c - i n d u c e d  a l t e r a t i o n s  i n  t h e  b i o s y n t h e t i c  m a c h in e ry  
n e c e s s a r y  f o r  DNA, RNA, p r o t e i n ,  c a r b o h y d r a t e ,  and p h o sp h o ­
l i p i d  s y n t h e s i s .
3 .  The 2 2 0 -3 2 0  nm A b so rb a n c e  o f  C u l t u r a l  S u p e r n a t e s  Prom 
N a C l - S t r e s s e d  P .  h a l o d u r a n s  C e l l s .
I n  s u f f i c i e n t  c o n c e n t r a t i o n ,  a n  i n h i b i t o r  o f  c e l l
g ro w th  may a c c u m u la te  a t  t h e  c e l l  s u r f a c e  and  in d u c e  perm e­
a b i l i t y  c h a n g e s  i n  t h e  c e l l  m e m b ra n e -c e l l  w a l l  com p lex  ( S a l t o n ,
1 9 6 4 ) .  S in c e  s u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  g r e a t e r  t h a n  
0 .9 0  M i n h i b i t e d  g ro w th  o f  P .  h a l o d u r a n s , a n  e x p e r im e n t  was 
d e s ig n e d  t o  d e te r m in e  i f  a c o r r e l a t i o n  e x i s t e d  b e tw e e n  th e  
r e d u c e d  g ro w th  o f  t h e  o rg a n ism  and c h a n g e s  i n  t h e  c e l l  
com plex  p e r m e a b i l i t y .  R a th e r  t h a n  s tu d y  p e r m e a b i l i t y  d i r e c t l y ,  
t h e  i n d i r e c t  a s s e s s m e n t  was made b y  l e a k a g e  o f  u l t r a v i o l e t  
( U V )-a b s o rb in g  compounds f ro m  t h e  i n t e r i o r  o f  t h e  c e l l  t o  
t h e  medium.
S t e r i l e  m o d i f i e d  2216E medium a s  100 ml and  t h e  
medium s u p p le m e n te d  w i th  1 .7 0  and 3 .4 5  M NaCl i n  250  ml
E r le n m e y e r  f l a s k s  w ere  i n o c u l a t e d  w i th  1 . 0  ml o f  t h e  s t a n d a r d
in o c u lu m . A l i q u o t s  (5 0  m l) w ere  rem oved a t  t h e  e a r l y
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l o g a r i t h m i c  and  s t a t i o n a r y  g row th  p h a s e s  o f  t h e  c u l t u r e  
i n c u b a t e d  a t  20  C and 200  rpm. S a m p le s  ( 1 . 5  n il)  o f  t w i c e -  
c e n t r i f u g e d  s u p e r n a t e s  w ere  p l a c e d  i n  m a tch e d  q u a r t z  c u r v e t t e s  
and  t h e  o p t i c a l  d e n s i t y  r e a d  a g a i n s t  t h e  u n i n o c u l a t e d  medium 
a s  a  r e f e r e n c e  i n  t h e  r a n g e  o f  2 2 0 -5 2 0  nm. The v a l u e s  
p l o t t e d  a s  s t a t i o n a r y  c u l t u r e s  w ere  f ro m  c u l t u r e s  a t  maximum 
o p t i c a l  d e n s i t y .
The maximum a b s o r b a n c e  c u rv e  o c c u r r e d  w i t h  t h e  
s u p e r n a t e  from  P . h a l o d u r a n s  c e l l s  s t r e s s e d  w i t h  3*^5 M 
s u p p le m e n ta l  NaCl ( P i g .  2 7 ) .  S t a t i o n a r y  p h a s e  c u l t u r a l  
s u p e r n a t e s  d e m o n s t r a t e d  c o n s i s t e n t l y  g r e a t e r  a b s o r b a n c e  
c u r v e s  t h a n  t h e i r  e a r l y  l o g a r i t h m i c  s u p e r n a t e  c o u n t e r p a r t s .  
H ow ever, b o t h  1 .7 0  and  3*^5 M s u p p le m e n ta l  NaCl e a r l y  l o g a ­
r i t h m i c  s u p e r n a t e s  d e m o n s t r a te d  m ore  a b s o rb a n c e  t h a n  t h e  0 .3 0  
M s t a t i o n a r y  p h a s e  s u p e r n a t e .  The r e l a t i o n s h i p  b e tw e e n  
i n c r e a s e d  medium NaCl c o n c e n t r a t i o n  a n d  i n c r e a s e d  TTV-absorb- 
a n c e  i n  t h e  c o r r e s p o n d i n g  N a C l-su p p le m e n te d  s u p e r n a t e  
s u g g e s t e d  t h a t  t h e  r e d u c e d  g row th  o f  N a C l - s t r e s s e d  P .  h a lo d u r a n s  
may b e  due i n  p a r t  t o  i o n i c  a l t e r a t i o n  i n  c e l l  p e r m e a b i l i t y .
4-. Q u a n t i t a t i v e  an d  Q u a l i t a t i v e  C h em ica l  C o m p o s i t io n  o f  
P .  h a lo d u r a n s  C e l l  E n v e lo p e  U n d e r  NaCl S t r e s s .
To d e te r m in e  i f  t h e  s u g g e s t e d  p e r m e a b i l i t y  a l t e r a t i o n  
was due  t o  c h a n g e s  i n  t h e  q u a n t i t a t i v e  a n d / o r  q u a l i t a t i v e  
c h e m ic a l  c o m p o s i t io n  o f  t h e  c e l l  w a l l  ( c e l l  e n v e l o p e ) ,  t h e  
f o l l o w i n g  e x p e r im e n t  was p e r f o r m e d .  The c e l l  p e l l e t s  f rom  
t h e  p r e v i o u s  e x p e r im e n t  w ere  r e s u s p e n d e d  i n  25 ml o f  s y n t h e t i c  
s e a w a te r  made i s o t o n i c  t o  t h e  g ro w th  medium b y  t h e  a d d i t i o n
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o f  e i t h e r  0 . 0 ,  l . ? 0 ,  o r  3.4-5 M s u p p le m e n ta l  NaCl. C e l l  
e n v e lo p e s  w ere  rem oved and w ashed  t o  rem ove a d h e r e n t  c e l l  
membrane an d  c y to p la s m ic  m a t e r i a l .
a .  C hem ica l  C o m p o s i t io n  o f  N a C l - S t r e s s e d  C e l l  E n v e l o p e s .
A l i q u o t s  (10  m l) o f  t h e  c e l l  e n v e lo p e  s u s p e n s io n s  
w ere  a n a ly z e d  f o r  DNA, RNA, p r o t e i n ,  c a r b o h y d r a t e ,  p h o s p h o ­
l i p i d ,  n i t r o g e n ,  and p h o s p h o r u s .  S a m p le s  (3  ml) w e re  rem oved 
from  t h e  10 ml a l i q u o t  and  h y d r o ly z e d  b y  t h e  m ethod o f  S a l t o n  
( 1 9 5 3 ) .  R e d u c in g  s u b s ta n c e  was d e te r m in e d  by  t h e  a n t h r o n e  
t e s t  o f  S e i f e r  e t  a l .  (1 9 5 0 )  u s in g  g l u c o s e  ( P i s h e r ) a s  a  
s t a n d a r d .  H exosam ine  was d e te r m in e d  b y  t h e  m ethod o f  C e s s i  and  
P i l i e g o  ( i 9 6 0 )  u s i n g  g lu c o s a m in e  ( A l d r i c h )  a s  a  s t a n d a r d .
T o t a l  l i p i d  was d e te r m in e d  b y  t h e  m eth o d  o f  S a l t o n  ( 1 9 5 3 ) .
P r i o r  t o  e x t r a c t i o n ,  d u p l i c a t e  0 .5  ml s a m p le s  o f  t h e  10 ml 
a l i q u o t  o f  c e l l  e n v e lo p e  s u s p e n s io n s  w e re  p l a c e d  i n  t a r e d  
aluminum w e ig h in g  p a n s  and i n c u b a t e d  a t  110 C f o r  36 h  f o r  
d r y  w e ig h t  d e t e r m i n a t i o n s .
The m a jo r  c h e m ic a l  c o n s t i t u e n t  o f  P .  h a l o d u r a n s  c e l l  
e n v e lo p e s  was p r o t e i n  w h ich  was g r e a t e r  t h a n  73 % b y  d r y  
w e ig h t  o f  t h e  c e l l  e n v e lo p e  (T a b le  3 5 ) .  C a rb o h y d ra te  (21  %), 
t o t a l  l i p i d  (6  %) and n i t r o g e n  (12 %) w ere  n e x t  m ost a b u n d a n t  
c o n s t i t u e n t s .  No q u a n t i t a t i v e  o r  q u a l i t a t i v e  a l t e r a t i o n s  
o c c u r r e d  i n  t h e  P .  h a l o d u r a n s  c e l l  e n v e l o p e s  s t r e s s e d  w i th  
1 .7 0  and 3.4-5 M s u p p le m e n ta l  NaCl com pared  t o  u n s t r e s s e d  c e l l  
e n v e lo p e s .  T h u s ,  t h e r e  was no i o n i c - i n d u c e d  a l t e r a t i o n  i n  
t h e  c h e m ic a l  c o m p o s i t io n  o f  N a C l - s t r e s s e d  c e l l  e n v e l o p e s .
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b .  Amino A c id  C o n te n t  o f  N a C l - S t r e s s e d  C e l l  E n v e lo p e s .
S in c e  q u a n t i t a t i v e  d i f f e r e n c e s  i n  p r o t e i n  c o n c e n t r a ­
t i o n  o f  c e l l  e n v e lo p e s  d i d  n o t  o c c u r ,  q u a l i t a t i v e  d i f f e r e n c e s  
w ere  s t u d i e d  b y  e x am in in g  t h e  am ino a c i d  c o n t e n t  o f  P . 
h a lo d u r a n s  c e l l  e n v e lo p e s  u n d e r  NaCl s t r e s s .
A l i q u o t s  (10  m l)  o f  t h e  c e l l  e n v e lo p e  s u s p e n s io n s  
w ere  h y d r o ly z e d  by  t h e  m ethod  o f  H i l l  (1 9 6 5 )  and  t h e  amino 
a c i d  c o m p o s i t io n  d e te r m in e d  w i t h  a  Beckman Model 1200 Amino 
A c id  A n a ly z e r .
R e g a r d l e s s  o f  t h e  medium NaCl c o n c e n t r a t i o n ,  t h e  
m ost a b u n d a n t  amino a c i d s  w ere  a s p a r t i c  a c i d ,  a l a n i n e ,  
g l y c i n e ,  and  l e u c i n e  (T a b le  3 6 ) .  S u p p le m e n ta l  NaCl o f  1 .7 0  
and 3 .4 5  M d i d  n o t  i n d u c e  q u a n t i t a t i v e  o r  q u a l i t a t i v e  
a l t e r a t i o n s  i n  t h e  amino a c i d  c o n t e n t  o f  P .  h a lo d u r a n s  c e l l  
e n v e lo p e s .
c .  P h o s p h o l i p i d  C o n te n t  o f  N a C l - S t r e s s e d  C e l l  E n v e lo p e s .
S in c e  t h e  p h o s p h o l i p i d  c o m p o s i t i o n  o f  P .  h a lo d u r a n s  
c e l l  e n v e lo p e s  u n d e r  NaCl s t r e s s  was u n c h a n g e d  com pared t o  
u n s t r e s s  c e l l  e n v e l o p e s ,  an  i n v e s t i g a t i o n  was u n d e r t a k e n  t o  
d e te r m in e  i f  N a C l- in d u c e d  q u a l i t a t i v e  a l t e r a t i o n s  o c c u r r e d .
A l i q u o t s  (5  m l) o f  P .  h a l o d u r a n s  c e l l  e n v e lo p e  
s u s p e n s io n s  w ere  a n a ly z e d  f o r  p h o s p h o l i p i d s  u s i n g  t h i n - l a y e r  
c h ro m a to g ra p h y  ( F o lc h  e t  a l . , 1 9 5 7 ) .
R e g a r d l e s s  o f  t h e  medium NaCl c o n c e n t r a t i o n  ( 0 . 3 0 ,  
2 .0 0 ,  o r  3 -7 5  M) c o m p a r a t iv e  t r a c i n g s  o f  t h i n - l a y e r  c h ro m a to ­
gram s were q u a l i t a t i v e l y  s i m i l a r  ( P i g .  28). The t r a c i n g s  
showed 6 d i s t i n c t  s p o t s ;  one  u n i d e n t i f i e d  an d  5 r e p r e s e n t i n g
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t h e  f o l l o w i n g  p h o s p h o l i p i d s :  p h o s p h a t i d y l - c h o l i n e  ( R f = 0 .1 8 ) ,
p h o s p h a t i d y l - s e r i n e  (R f= 0 .34 -) ,  p h o s p h a t i d y l - e t h a n o l a m i n e  
( R f = 0 .6 5 ) ,  d i p h o s p h a t i d y l - g l y c e r o l  ( R f = 0 .8 4 ) ,  and  p h o s p h a -  
t i d i c  a c i d  ( R f = 0 .9 4 ) .  The s i z e  and l o c a t i o n  o f  t h e  s p o t s  
i n d i c a t e d  no i o n i c - i n d u c e d  a l t e r a t i o n  i n  t h e  amount o r  ty p e  
o f  p h o s p h o l i p i d s  i n  N a C l - s t r e s s e d  c e l l  e n v e lo p e s  com pared  t o  
u n s t r e s s e d  c e l l  e n v e lo p e s .
d .  T h in  S e c t i o n s  o f  I n t a c t  C e l l s  and  C e l l  E n v e lo p e s  U nder 
NaCl S t r e s s .
T r a n s m is s io n  e l e c t r o n  m ic r o s c o p y  and 'b io c h e m ic a l  
a n a l y s e s  o f  c e l l  e n v e lo p e s  o f  P .  h a l o d u r a n s  i n d i c a t e d  no 
N a C l- in d u c e d  a l t e r a t i o n  i n  c e l l  e n v e lo p e  i n t e g r i t y .  To 
d e m o n s t r a te  f u r t h e r  th e  i n t e g r i t y  o f  c e l l  e n v e lo p e s  u n d e r  
NaCl s t r e s s ,  1 ml o f  t h e  c e l l  e n v e lo p e  s u s p e n s io n s  w ere  t h i n -  
s e c t i o n e d  and exam ined w i t h  t h e  P h i l i p s  200 T r a n s m is s io n  
E l e c t r o n  M ic ro s c o p e .  The m ic r o g r a p h s  o f  t h i n - s e c t i o n s  o f  
c e l l  e n v e lo p e s  w ere  t h e n  com pared  t o  m ic r o g r a p h s  o f  t h i n -  
s e c t i o n e d  w hole  c e l l s  grown a t  s i m i l a r  NaCl c o n c e n t r a t i o n s  
t o  t h e  s i m i l a r  p h y s i o l o g i c a l  p h a se  .
T h in  s e c t i o n s  o f  e x t r a c t e d  P .  h a lo d u r a n s  c e l l  
e n v e lo p e s  d e m o n s t r a te d  no v i s u a l  a l t e r a t i o n  a t  2 .0 0  and  3 -7 5  
M medium NaCl com pared t o  u n s t r e s s e d  c e l l  e n v e lo p e s  ( P i g .
2 9 ) .  The c e l l  e n v e lo p e s  w ere  i n t a c t  and  m a in t a in e d  an o v a l  
t o  ro d  s h a p e .  S u p p le m e n ta l  medium NaCl c o n c e n t r a t i o n s  d i d  
n o t  a l t e r  t h e  i n t e g r i t y  o f  P .  h a lo d u r a n s  c e l l  e n v e lo p e s .
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S i m i l a r l y ,  t h i n  s e c t i o n s  o f  w hole  c e l l s  d e m o n s t r a te d  
no v i s u a l  a l t e r a t i o n  i n  t h e  i n t e g r i t y  o f  c e l l  e n v e lo p e s  u n d e r  
NaCl s t r e s s  com pared  t o  u n s t r e s s e d  c e l l  e n v e lo p e s  (N ig .  3 0 ) .
A lth o u g h  t h e  i n c r e a s e d  i o n i c  s t r e n g t h  o f  t h e  g ro w th  
medium c r e a t e d  b y  s u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  a l t e r e d  
t h e  c e l l  m e m b ra n e -c e l l  w a l l  o f  P .  h a l o d u r a n s , t h e  l a c k  o f  
b io c h e m ic a l  and m e c h a n ic a l  a l t e r a t i o n  i n  t h e  c e l l  e n v e lo p e s  
s u g g e s t e d  t h a t  t h e  t o l e r a n c e  o f  t h e  o rg a n is m  t o  NaCl c o n ce n ­
t r a t i o n s  g r e a t e r  t h a n  1 2 - f o l d  t h o s e  o f  t h e  e s t u a r y  was due 
i n  p a r t  t o  t h e  m e c h a n ic a l  and  b io c h e m ic a l  m a in te n a n c e  o f  t h e  
c e l l  e n v e lo p e ,
5 . A s p a r t a t e  T r a n s c a r b a m y la s e  A c t i v i t y  o f  P .  h a lo d u r a n s  As 
A f f e c t e d  by N aC l.
The i n t r a c e l l u l a r  i o n i c  c o n c e n t r a t i o n  i n  P .  h a lo d u r a n s  
c e l l s  i n c r e a s e d  a s  medium NaCl c o n c e n t r a t i o n  i n c r e a s e d .  An 
i n v e s t i g a t i o n  was u n d e r t a k e n  t o  d e te r m in e  t h e  e f f e c t  o f  t h e  
i n c r e a s e d  i n t r a c e l l u l a r  i o n i c  s t r e n g t h  on  e n z y m a t ic  a c t i v i t y .  
NaCl c o n c e n t r a t i o n s  be low  t h o s e  o f  t h e  e s t u a r y  w ere  u t i l i z e d  
t o  s t u d y  f u r t h e r  a  w ide  r a n g e  o f  NaCl c o n c e n t r a t i o n s  on t h e  
g ro w th  o f  P .  h a l o d u r a n s . The enzyme s t u d i e d ,  a s p a r t a t e  
t r a n s c a r b a m y l a s e  (A T C ase), was c h o se n  s i n c e  i t  was r e l a t i v e l y  
e a s y  t o  e x t r a c t  and  r e p r e s e n t e d  th e  f i r s t  enzyme i n  t h e  
b i o s y n t h e s i s  o f  t h e  p y r i m i d i n e ,  u r i d i n e - 3 ’- p h o s p h a t e .  The 
enzyme h a s  b een  s t u d i e d  e x t e n s i v e l y  a s  a  m odel o f  r e g u l a t o r y  
enzymes ( L e h n in g e r ,  1 9 7 5 ) .
S t e r i l e  m o d i f i e d  2216E medium a s  300 ml and t h e  medium 
su p p le m e n te d  w i th  2 .6 0  M NaCl i n  o n e - l i t e r  E r le n m e y e r  f l a s k s
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w ere  i n o c u l a t e d  w ith . 5 ml o f  t h e  s t a n d a r d  in o c u lu m . Upon 
r e a c h i n g  t h e  s t a t i o n a r y  g ro w th  p h a s e  a t  20 C and 200  rpm , 
t h e  c e l l s  were h a r v e s t e d  an d  s o n i c a t e d  t o  r e l e a s e  ATCase.
The s p e c i f i c  a c t i v i t y  o f  t h e  enzym e, p u r i f i e d  by  t h e  m ethod 
o f  K a p la n  a t  a l .  ( 1 9 6 7 ) ,  was d e te r m in e d  c o l o r i m e t r i c a l l y  by 
th e  p r o d u c t i o n  o f  t h e  e n d - p r o d u c t ,  c a rb a m y l  a s p a r t a t e  (CA) 
( K o r i t s  and  Cohen, 1954-), i n  t h e  p r e s e n c e  o f  NaCl c o n c e n t r a ­
t i o n s  r a n g i n g  f ro m  0 .0 1  t o  5*75 M. The c e l l s  w ere  p r e c u l t u r e d  
i n  2 .6 0  M s u p p le m e n ta l  NaCl t o  d e te r m in e  t h e  a b i l i t y  o f  
ATCase t o  become a d a p te d  t o  i n c r e a s e d  i n t r a c e l l u l a r  i o n i c  
c o n c e n t r a t i o n s .
ATCase s p e c i f i c  a c t i v i t y  was maximum b e tw e e n  0 .3 0  
and 0 .7 0  M NaCl r e g a r d l e s s  o f  t h e  p r e c u l tu r e d - N a C l  c o n c e n ­
t r a t i o n  ( F i g .  3 1 ) .  Maximum s p e c i f i c  a c t i v i t y  v a r i e d  from  
a p p r o x im a te ly  210  -  250 yM CA/min/mg p r o t e i n .  S p e c i f i c  
a c t i v i t y  was s u b o p t im a l  a t  h i g h e r  and  lo w e r  NaCl c o n c e n t r a ­
t i o n s .  ATCase a c t i v i t y  was a p p r o x i m a t e ly  1 0 -1 5  % maximum 
a c t i v i t y  a t  3*75 M N aC l. The enzyme was s t e n o h a l i n e  i n  
r e l a t i o n  t o  optimum a c t i v i t y ,  b u t  was e u r y h a l i n e  i n  t h e  a b i l i t y  
to  d e m o n s t r a te  a c t i v i t y  o v e r  a  w ide  r a n g e  o f  NaCl c o n c e n t r a ­
t i o n s .  The s i m i l a r i t i e s  b e tw e e n  e n z y m a t ic  a c t i v i t y  and  
g ro w th  o f  P .  h a l o d u r a n s , i . e . ,  optimum g ro w th  o r  a c t i v i t y  i n  
a n a r ro w  NaCl r a n g e  w h i l e  h a l o t o l e r a n t  t o  a much w id e r  NaCl 
s p e c t r u m ,  s u g g e s t e d  t h a t  t h e  e f f e c t  o f  NaCl c o n c e n t r a t i o n s  
d i f f e r e n t  from  t h o s e  o f  t h e  e s t u a r y  on P .  h a lo d u r a n s  was 
p a r t i a l l y  e x p l a i n a b l e  by  i o n i c - i n d u c e d  a l t e r a t i o n s  i n  th e  
e n z y m a t ic  a c t i v i t y  o f  t h e  o rg a n is m .  S i m i l a r  t o  w h o le  c e l l s
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and  r e s p i r a t o r y  s t u d i e s ,  a d a p t a t i o n  o f  ATCase t o  s u p p le m e n ta l  
NaCl c o n c e n t r a t i o n s  and  i n c r e a s e d  i n t r a c e l l u l a r  i o n i c  s t r e n g t h s  




The b a c t e r i a l  p o p u l a t i o n  o f  t h e  G re a t  Bay e s t u a r i n e  
com plex was i n v e s t i g a t e d  f o r  t o l e r a n c e  t o  NaCl a d d i t i o n  up t o  
3 .0 5  M ( T a b l e  2 ) .  The p o p u l a t i o n  was p r i m a r i l y  s t e n o h a l i n e  
s i n c e  t h e  a d d i t i o n  o f  1 . 0  M NaCl a l lo w e d  l e s s  t h a n  20 % o f  
t h e  c o l o n i e s  t o  d e v e lo p  when com pared  t o  maximum CEU/ml 
w hich  d e v e lo p e d  on m o d i f i e d  2216E medium. L e s s  t h a n  1 % o f  
t h e  CFU/ml d e v e lo p e d  i n  1 .8 3  tl s u p p le m e n ta l  NaCl com pared t o  
m o d i f i e d  2216E medium. Z o B e ll  (194-6) fo u n d  t h a t  d o u b l in g  t h e  
s a l i n i t y  o f  s e a w a te r  e i t h e r  by  t h e  a d d i t i o n  o f  NaCl o r  s e a  
s a l t s  r e d u c e d  by  25 t o  50 % t h e  num ber o f  m a r in e  b a c t e r i a  w h ich  
d e v e lo p e d .  He fo u n d  t h a t  l e s s  t h a n  10 % o f  m a r in e  b a c t e r i a  
grew  i n  s e a w a t e r  m ed ia  t o  w h ich  2 . 0  M NaCl h a d  b e e n  a d d e d .
O th e r  e x a m p le s  o f  t h e  s t e n o h a l i n e  c h a r a c t e r  o f  m a r in e  and  
e s t u a r i n e  b a c t e r i a  w ere  shown b y  Brown and T u r n e r  (1963)>
T y le r  _et a d .  ( I 9 6 0 ) ,  a n d  Shah and  deSa  (1964-) who fo u n d  t h a t  
1 .2  t o  2 . 0  li s u p p le m e n ta l  NaCl i n h i b i t e d  g r e a t e r  t h a n  60 % o f  
t h e  i s o l a t e s .  T hus, s a l t  t o l e r a n c e  o f  m a r in e  and  e s t u a r i n e  
b a c t e r i a  was l i m i t e d ,  and  i t  h a s  b e e n  p o i n t e d  o u t  t h a t  h a l o -  
t o l e r a n c e  was more common i n  t e r r e s t r i a l  b a c t e r i a  (MacLeod,
1 9 6 5 ) .
How ever, h a l o t o l e r a n t  and  e x tre m e  h a l o t o l e r a n t  
b a c t e r i a  do  e x i s t  i n  t h e  m a r in e  and  e s t u a r i n e  e n v iro n m e n ts  
( F o r s y th  erfc a l ., 1 9 7 1 ) .  T h ese  i n v e s t i g a t o r s  fo u n d  t h a t  o f  69 
b a c t e r i a  i s o l a t e d  from  t h e  i n t e r t i d a l  w a t e r s  a t  S t .  A ndrew s,
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N .B . , n e a r l y  o n e - t h i r d  m u l t i p l i e d  a t  3 .0  t o  4 . 0  M s u p p le m e n ta l  
N aCl. T hese  e x tre m e  h a l o t o l e r a n t  i s o l a t e s  w ere  p r i m a r i l y  
g r a m - n e g a t iv e  r o d s .  The o c c u r r e n c e  o f  c o lo n y  fo rm in g  u n i t s  
from  G re a t  Bay e s t u a r i n e  w a t e r  sa m p le s  a t  1 .8 5  M s u p p le m e n ta l  
NaCl ( T a h le  2 ) i n d i c a t e d  t h a t  h a l o t o l e r a n t  g r a m - n e g a t iv e  
b a c t e r i a  e x i s t e d  i n  t h e  e s t u a r y .  W ith  an  i n c r e a s e  i n  medium 
NaCl c o n c e n t r a t i o n ,  t h e  v i a b l e  c o u n t  o f  v a r i o u s  e s t u a r i n e  
b a c t e r i a  i n c r e a s e d  u n t i l  a c e r t a i n  c o n c e n t r a t i o n  b e tw e e n  0 . 30-  
0 .4 0  M N aCl, v a r y i n g  w i th  s p e c i e s ,  had  b e e n  r e a c h e d ;  t h e r e a f t e r  
t h i s  c o u n t  d ro p p ed  p r o g r e s s i v e l y  w i th  f u r t h e r  NaCl i n c r e a s e ,  
up t o  2 .8 0  M t o t a l  NaCl ( T a b l e s  1 ,  2 ,  3; F i g s .  2 , 3 ) .  A 
s e l e c t i v e  p r o c e s s  was i n v o lv e d ;  some b a c t e r i a  w ere  b e t t e r  
a b le  t o  s u r v i v e  and  r e p r o d u c e  u n d e r  NaCl s t r e s s .  The 
p e r s i s t e n c e  o f  one  h a l o t o l e r a n t  b a c t e r i a l  c o lo n y  from  t h e  
G re a t  Bay e s t u a r y  a t  NaCl c o n c e n t r a t i o n s  ab ove  2 .0  M was 
i n d i c a t i v e  o f  t h e  s e l e c t i v i t y .  T h is  b a c t e r i u m  was i d e n t i f i e d  
a s  a new s p e c i e s ,  P .  h a l o d u r a n s , s i n c e  i t  t o l e r a t e d  up t o  
3 .7 5  M NaCl i n  p u r e  c u l t u r e .
Due t o  i t s  r e q u i r e m e n t  f o r  a t  l e a s t  7 p p t  s e a w a te r  
( T a b le  8 ) and 10 mM NaCl ( T a b le  9 ) ,  P . h a lo d u r a n s  was 
c o n s i d e r e d  a m a r in e  b a c t e r iu m  s i n c e  i t  c o r r e s p o n d e d  t o  t h e  
d e f i n i t i o n s  o f  m a r in e  b a c t e r i a  s e t  f o r t h  b y  Z o B e ll  and  Upham 
(1944-) and  MacLeod (1 9 6 5 , 1 9 6 8 ) .  A d d i t i o n a l l y ,  t h e  b a c t e r i u m  
d e m o n s t r a te d  r e q u i r e m e n t s  f o r  4  mM KC1 ( T a b le  1 0 ) ,  8 mM M gC ^ 
(T a b le  1 0 ) ,  and 3 mM CaClg ( T a b le  1 0 ) .  T h ese  i o n i c  r e q u i r e ­
m en ts  w ere  0 .0 3 ,  0 . 4 ,  0 .1 6 ,  0 . 3  t i m e s ,  r e s p e c t i v e l y ,  t h e i r  
e s t u a r i n e  c o n c e n t r a t i o n s  ( S i l l e n ,  1 9 6 1 ) .  The r e q u i r e m e n t s
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o f  P .  h a lo d u r a n s  f o r  Mg and Ca c o r r e s p o n d e d  t o  r e s u l t s  f o r  
g ro w th  o f  Pseudom onas a e r u g i n o s a  (E ag o n , 1969; A s b e l l  and  
E agon , 1 9 6 6 ) .  D 'A o u s t  and  K ushner (1 9 7 1 )  r e p o r t e d  t h a t  Na 
and  Mg w ere  e s s e n t i a l  f o r  t h e  g ro w th  o f  a r e d  p s y c h r o p h i l i c  
m a r in e  b a c t e r i u m .  MacLeod and  O n o fre y  ( 1957a ,  b )  fo u n d  t h a t  
Na, Mg, K, Ca, and  Cl w ere  r e q u i r e d  f o r  t h e  g ro w th  o f  A. 
m a r i n o p r a e s e n s . The amount and  r a t e  o f  g ro w th  o f  A.
m a r in o p r a e s e n s  was d e p e n d e n t  upon  t h e  Na, K, and  Cl c o n c e n ­
t r a t i o n  i n  t h e  medium, w i th  o p t im a l  g ro w th  a t  s e a w a te r  
c o n c e n t r a t i o n s  ( 0 .4 7  M Na, 0 .0 5  M Mg, 0 .0 1  M K, 0 .0 1  M Ca, 
and 0 .5 5  M C l ,  S i l l e n ,  1 9 6 1 ) .  S i m i l a r l y ,  t h e  amount and  r a t e  
o f  g ro w th  o f  P .  h a lo d u r a n s  was d e p e n d e n t  upo n  t h e  c o n c e n t r a t i o n  
o f  medium Na, Mg, K, Ca, and Cl w i t h  o p t im a l  g ro w th  a t  
c o n c e n t r a t i o n s  r e p r e s e n t a t i v e  o f  t h o s e  o f  t h e  e s t u a r y .
P . h a lo d u r a n s  grew o v e r  a r a n g e  o f  NaCl c o n c e n t r a t i o n s  
from  10 mM t o  5 . 'rs M ( P i g .  1 6 ) .  H ow ever, NaCl c o n c e n t r a t i o n s  
i s o t o n i c  t o  t h e  o rg a n is m  ( 0 .3 0  -  1 .2 0  M) p r o d u c e d  b e s t  g ro w th .  
The w ide  r a n g e  o f  NaCl c o n c e n t r a t i o n s  t o l e r a t e d  b y  P .  h a lo d u r a n s  
encom passed  c o n c e n t r a t i o n s  i n d i c a t i v e  o f  m a r i n e ,  m o d e ra te  
h a l o p h i l i c ,  and e x tre m e  h a l o p h i l i c  b a c t e r i a  ( L a r s e n ,  1 9 6 2 ) .
O th e r  m a r in e  b a c t e r i a  h av e  n o t  d e m o n s t r a t e d  t h e  h a l o -  
t o l e r a n c e  o f  P .  h a l o d u r a n s . T h re e  u n i d e n t i f i e d  m a r in e  
b a c t e r i a  i n v e s t i g a t e d  b y  MacLeod an d  O n o frey  (1 9 5 7 a )  d i d  n o t  
grow i n  t h e  p r e s e n c e  o f  1 . 0  M NaCl i n  t h e  medium . Of 15 
m a r in e  b a c t e r i a  s t u d i e d  by  T y le r  e t  a l .  ( i 9 6 0 ) ,  a l l  grew  a t  
0 .8  M N aC l, 9 grew  a t  1 .4  M NaCl, an d  none grew  a t  2 . 6  M 
N aC l. Among t h e  m a r in e  and e s t u a r i n e  b a c t e r i a  t e s t e d  i n  t h i s
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d i s s e r t a t i o n ,  none grew  above  2 .6 0  M N aC l, e x c e p t  P .  h a lo d u r a n s  
(T a b le s  22 and 2 3 ) .
H owever, many t e r r e s t r i a l ,  n o n h a l o p h i l i c  b a c t e r i a  
t o l e r a t e  NaCl c o n c e n t r a t i o n s  g r e a t e r  t h a n  t h o s e  t o l e r a t e d  b y  
m ar in e  b a c t e r i a  ( L a r s e n ,  1 9 6 2 ) .  S ta p h y lo c o c c u s  a u r e u s  
t o l e r a t e d ,  b u t  d id  n o t  r e q u i r e  f o r  g ro w th ,  up t o  2 . 5  M NaCl 
( S c o t t ,  1 9 5 7 ) .  S a lm o n e l la  o r a n i e n b u r g  t o l e r a t e d  2 . 0  M NaCl 
( C h r i s t i a n ,  1 9 5 5 ) .  A e ro b ic  s p o re fo r m in g  b a c t e r i a  and many 
m ic r o c o c c i  t o l e r a t e d  2 .5  t o  4 . 3  M NaCl ( L a r s e n ,  1 9 6 2 ) .  T h us ,
P. h a l o d u r a n s  t o l e r a t e d  NaCl c o n c e n t r a t i o n s  s i m i l a r  t o  t h o s e  
t o l e r a t e d  b y  some t e r r e s t r i a l ,  n o n h a l o p h i l i c  b a c t e r i a  b u t  
g e n e r a l l y  h i g h e r  t h a n  t h o s e  t o l e r a t e d  b y  m ost m a r in e  b a c t e r i a .
The c e l l  m o rp h o lo g y  o f  P .  h a lo d u r a n s  v a r i e d  w i th  t h e  
NaCl c o n c e n t r a t i o n  i n  t h e  medium. A t NaCl c o n c e n t r a t i o n s  
h y p o to n ic  t o  _P. h a l o d u r a n s , 0 .0 1 ,  0 .0 5 ,  and 0 .1 0  M, c e l l s  
were m o t i l e ,  o v a l  t o  r o d - s h a p e d ,  m e a s u r in g  1 . 0  x  2 . 0  u m 
( P i g .  5A, B C ). A t NaCl c o n c e n t r a t i o n s  i s o t o n i c  t o  t h o s e  o f  
th e  e s t u a r y ,  c e l l s  w ere  m o t i l e ,  r o d - s h a p e d ,  m e a s u r in g  0 . 5  x  
1.7w/jn ( P i g .  5®, 6>A, 8A, and  9A ). The i n c r e a s e  i n  c e l l  vo lum e 
a t  h y p o t o n ic  NaCl c o n c e n t r a t i o n s  was a t t r i b u t e d  t o  w a te r  
u p ta k e  a s  d i c t a t e d  b y  t h e  i n t e r n a l  o sm o t ic  p r e s s u r e  e x c e e d in g  
th e  e x t e r n a l  o sm o t ic  p r e s s u r e  (D o e ts c h  and Cook, 1 9 7 5 ) .  As 
NaCl c o n c e n t r a t i o n  i n c r e a s e d  above e s t u a r i n e  c o n c e n t r a t i o n s ,  
th e  c e l l s  became s w o l le n  an d  m o t i l i t y  i n h i b i t e d  ( P i g .  6B and  
8B ). A t NaCl c o n c e n t r a t i o n s  above 1 .2 0  M t o  3 .7 5  M, c e l l  
volum es i n c r e a s e d  up t o  21 vo lum es  l a r g e r  t h a n  u n s t r e s s e d  
c e l l s ,  m e a s u r in g  2 . 0  -  2 . 5  x  4 . 0  -  5 - 0 u  m w i t h  a  l o s s  o f
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f l a g e l l u m  ( F i g .  6C, G, E, 8 C -F, and  9B, C, D ). C e l l  volum e  
i n c r e a s e  to o k  4 8 - 7 2  h ,  w h e r e a s  t h e  l o s s  o f  m o t i l i t y  to o k  24 h ,  
i n d i c a t i n g  t h a t  m o t i l i t y  was more h a l o s e n s i t i v e  t h a n  g ro w th  
to  2 .9 0  M NaCl ( F i g .  7 ) .
The p h y s i o l o g y  and  m o rp h o lo g y  o f  P .  h a l o d u r a n s  was 
n o t  a f f e c t e d  when exp osed  t o  g l y c e r o l  and  s u c r o s e ,  b o th  
n o n io n ic  com pounds, a t  1 . 0  t o  3*5 M c o n c e n t r a t i o n s  i n  m o d i f i e d  
2216E medium. The o sm o t ic  p r e s s u r e  o f  m o d i f i e d  2216E medium 
( 0 .3 5  M NaCl) a t  20  C was 0 .3 6 4  g - m o l / l i t e r  and  i n c r e a s e d  t o  
4 .3 8 2  g - m o l / l i t e r  a t  3*75 M NaCl (Handbook o f  C h e m is t ry  and  
P h y s i c s  5 4 th  e d . , 1974-). W ith  g l y c e r o l  added a t  c o n c e n t r a ­
t i o n s  o f  1 . 0  t o  3*5  N, t h e  o sm o t ic  p r e s s u r e  i n c r e a s e d  from  
0 .6 0 3  t o  2 .8 1 4  g - m o l / l i t e r .  The o s m o t ic  p r e s s u r e  f o r  s u c r o s e  
a t  1 .0  M was 0 .9 4 7  g - m o l / l i t e r  and i n c r e a s e d  t o  1 .4 0 6  g - m o l /  
l i t e r  a t  1 .2  M. N a C l- in d u c e d  o sm o t ic  p r e s s u r e s  o f  2 .8 1 4  and  
1 .4 0 6  g - m o l / l i t e r  c o r r e s p o n d e d  t o  a p p r o x i m a t e ly  2 . 5  and  1 , 3  M 
N aCl, r e s p e c t i v e l y .  S in c e  t h e s e  NaCl c o n c e n t r a t i o n s  a l t e r e d  
t h e  p h y s i o l o g y  a n d / o r  t h e  m o rp h o lo g y  o f  P .  h a lo d u r a n s  w h i l e  
s i m i l a r  o sm o t ic  p r e s s u r e s  c r e a t e d  b y  g l y c e r o l  ( 3*5  M) and  
s u c r o s e  ( 1 . 2  M) d i d  n o t ,  t h e  e f f e c t s  o f  NaCl on t h e  o rg a n is m  
w ere  i o n i c  and n o t  o s m o t ic .  F u r t h e r  s u p p o r t  t h a t  t h e  e f f e c t s  
on P .  h a lo d u r a n s  w ere  i o n - i n d u c e d ,  was p r o v i d e d  by  m a jo r  i o n s  
o t h e r  t h a n  Na and  Cl ( i . e .  K, Ng, Ca, and  SO^) w h ich  p ro d u c e d  
s i m i l a r  p h y s i o l o g i c a l  and  m o r p h o lo g ic a l  a l t e r a t i o n s  i n  t h e  
o rg a n ism  a s  NaCl (T a b le  19)*
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N a C l- in d u c e d  m o r p h o lo g ic a l  and  m o t i l i t y  a l t e r a t i o n s  
were fo u n d  i n  o t h e r  b a c t e r i a .  Brown (1 9 6 1 )  fo u n d  t h a t  t h e  
m a r in e  pseudom onad NCMB 84-5 c h a n g e d  from  s p h e r e - s h a p e d  (1  t o  
2 p m  d i a m e t e r )  o r  s h o r t  e l i p s o i d  a t  t h e  l o w e s t  NaCl c o n c e n ­
t r a t i o n  t h a t  showed g ro w th  ( 0 . 0 6  M) t o  s h o r t  ro d s  ( 0 . 5  x  
1 .2  pm) a t  0 .1 8  M N aC l. M. h a l o d e n i t r i f i c a n s  d e m o n s t r a te d  a 
s w o l le n  a p p e a ra n c e  a t  NaCl c o n c e n t r a t i o n s  b e lo w  0 .5  an d  
above 3 .5  M ( T a k a h a s h i  and G ib b o n s ,  1 9 5 9 ) .  E xtrem e h a l o p h i l i c  
b a c t e r i a  ( H a lo b a c te r iu m  h a lo b iu m , H. s a l i n a r i u m , and  H. 
c u t i r u b r u m ) grown i n  t h e  r a n g e  o f  4-.5 t o  2 . 0  M NaCl e x h i b i t e d  
m o r p h o lo g ic a l  c h a n g e s  from  lo n g  s l e n d e r  m o t i l e  r o d s ,  t h r o u g h  
i r r e g u l a r  c lu b  s h a p e s ,  t o  n o n m o t i l e  s p h e r e s  a s  th e  NaCl 
c o n c e n t r a t i o n  becam e h y p o to n ic  t o  t h e  i n t e r n a l  NaCl c o n c e n t r a ­
t i o n  (Mohr and  L a r s e n ,  1 9 6 3 ) .  D o e ts c h  and  Cook (1 9 7 3 )  n o te d  
t h a t  a  num ber o f  B a c i l l i  sp .  show ed a l o s s  o f  f l a g e l l a t i o n  
and m o t i l i t y  a s  t h e  c e l l s  becam e p la s m o ly z e d  i n  a h y p e r t o n i c  
NaCl s o l u t i o n  ( 1 . 0  M).
A t te m p ts  t o  a d a p t  P .  h a lo d u r a n s  c e l l s  t o  NaCl c o n ce n ­
t r a t i o n s  g r e a t e r  t h a n  1 . 0  M f a i l e d  ( T a b le s  20 and 2 1 ) .  F u r t h e r  
e x p e r im e n t s  i n d i c a t e d  t h a t  t h e  e n t i r e  p o p u l a t i o n  o f  P .  
h a lo d u r a n s  c e l l s  was h a l o t o l e r a n t  i n  r e s p o n s e  t o  NaCl (T a b le  
2 1 ) .  T h u s ,  P .  h a lo d u r a n s  was s t a b l e  g e n e t i c a l l y  t o  s u p p l e ­
m e n ta l  NaCl c o n c e n t r a t i o n s  t o  3*75 M ( 1 2 - f o l d  e s t u a r i n e  
c o n c e n t r a t i o n s ) .
The NaCl r e s p o n s e  o f  n o n h a l o p h i l i c  and  o b l i g a t e  h a lo ­
p h i l i c  b a c t e r i a  was g e n e t i c a l l y  s t a b l e  a l s o  ( In g ra m , 1957 ; 
L a r s e n ,  1962; MacLeod, 1 9 6 5 ) .  F o r s y t h  a n d  K ushner (1 9 7 0 )
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found  t h a t  c u l t u r e s  o f  M. h a l o d e n i t r i f i c a n s  and V. c o s t i c o l u s , 
two m o d e r a te  h a l o p h i l i c  b a c t e r i a ,  w ere  s e l e c t e d  f o r  b y  v a r y i n g  
c o n c e n t r a t i o n s  o f  N a C l.  S c o t t  (1 9 5 7 )  r e p o r t e d  t h a t  t h e  
n o n h a l o p h i l i c  b a c t e r i u m ,  S_. a u r e u s , was n o t  s e l e c t i v e  i n  i t s  
r e s p o n s e  t o  NaCl c o n c e n t r a t i o n s  r a n g i n g  from  2 .2  M t o  t h e  
ab sen ce  o f  NaCl. D o u d o ro f f  (194-0) d e m o n s t r a te d  a  s i g n i f i c a n t  
i n c r e a s e  i n  c o lo n y  c o u n t s  o f  E . c o l i  when grown i n  g r a d u a l l y  
i n c r e a s i n g  NaCl c o n c e n t r a t i o n s  up t o  1 .2  M com pared  t o  c o u n ts  
o b t a in e d  when s t r e s s e d  w i th  a  su d d e n  i n c r e a s e  i n  1 .2  M NaCl. 
However, s i n c e  a d a p t e d  b a c t e r i a  r a p i d l y  l o s t  t h e i r  i n c r e a s e d  
a b i l i t y  t o  r e p r o d u c e  i n  s a l i n e  m ed ia  when t r a n s f e r r e d  t o  a 
s a l t - f r e e  e n v iro n m e n t ,  D o u d o ro f f  i n t e r p r e t e d  t h e  r e s u l t s  t o  
i n d i c a t e  t h a t  a c c l i m a t i z a t i o n  was r e a d i l y  r e v e r s i b l e .  He 
c o n c lu d e d  t h a t  t h e  p r o c e s s e s  i n v o lv e d  i n  a d a p t a t i o n  c o u ld  be  
s e p a r a t e d  i n t o  two co m pon en ts :  ( 1 ) a c c l i m a t i z a t i o n ,  n o t
i n v o lv i n g  r e p r o d u c t i o n  ( p h e n o ty p ic  a d a p t a t i o n ) , and  ( 2 ) s e l e c ­
t i o n  o f  t h e  i n d i v i d u a l s  w i th  t h e  g r e a t e s t  p o t e n t i a l i t i e s .  The 
m orph o log y  o f  E. c o l i  was a l t e r e d  ( s w o l l e n  c e l l s )  b y  t h e  
p r e s e n c e  o f  NaCl, w i t h  no rm al m o rp h o lo g y  r e t u r n i n g  i n  a  s a l t -  
f r e e  e n v i r o n m e n t .  Hof (1935) was u n a b le  t o  t r a i n  E . c o l i  t o  
grow a t  1 . 0  M NaCl. T hus, a l l  a t t e m p t s  t o  a l t e r  t h e  c o n s t a n c y  
o f  t h e  NaCl r e s p o n s e  o f  n o n h a l o p h i l i c  and  o b l i g a t e  h a l o p h i l i c  
b a c t e r i a ,  i n c l u d i n g  P .  h a l o d u r a n s , w ere  u n s u c c e s s f u l .
Oxygen u t i l i z a t i o n  b y  P .  h a lo d u r a n s  was m axim al a t  
0 .2 0  -  0 . 3 0  M NaCl an d  d e c r e a s e d  s t e a d i l y  a t  i n c r e a s e d  i o n i c  
s t r e n g t h  i n  s u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  r a n g i n g  from
1 .3 0  t o  4-.30 M ( P i g .  1 7 ) .  A t 3.4-5 M s u p p le m e n ta l  N aC l, oxygen
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u t i l i z a t i o n  d e c r e a s e d  n e a r l y  80 % com pared  t o  m axim al v a l u e s  
(6 2 5  v i l i t e r 0 2 /ing d r y  w e i g h t ) .  I n c r e a s e d  NaCl s t r e s s  h a s  "been 
o b s e rv e d  t o  d e c r e a s e  r e s p i r a t i o n  i n  a  v a r i e t y  o f  t e r r e s t r i a l ,  
m a r in e ,  and  m o d e ra te  h a l o p h i l i c  b a c t e r i a  ( In g ra m ,  194-7). He 
a t t r i b u t e d  t h e  i n v e r s e  r e l a t i o n  b e tw e e n  i n c r e a s e d  NaCl and  
d e c r e a s e d  r e s p i r a t i o n ,  i n  p a r t ,  t o  t h e  phenom enon o f  s a l t i n g -  
o u t .  T h is  p r o c e s s  i n f l u e n c e d  t h e  s o l u b i l i t y  o f  d i s s o l v e d  
p r o t e i n s .  However, Ingram  d i d  n o t  d e te r m in e  w h e th e r  t h e  
e f f e c t  o f  NaCl on p r o t e i n  s o l u b i l i t y  was d u e  t o  th e  com bined  
i o n i c  s t r e n g t h  o f  b o t h  i o n s  o r  t o  Na a l o n e .  A ls o ,  he  d i d  n o t  
e x p l a i n  a d e q u a t e l y  t h e  e f f e c t  o f  NaCl on h a l o p h i l i c  b a c t e r i a l  
r e s p i r a t i o n  and  c o n c lu d e d  t h a t  t h e  s a l t i n g - o u t  a c t i o n  o n l y  
o c c u r r e d  w i t h  h i g h  m o le c u l a r  w e ig h t  p r o t e i n s .  I t  a p p e a r e d  
t h a t  t h e  s a l t i n g - o u t  phenomenon was a  l o c a l i z e d  e v e n t ,  o c c u r r i n g  
i n t r a c e l l u l a r l y  i n  m ic r o e n v i ro n m e n ts  o f  h i g h  NaCl c o n c e n t r a ­
t i o n s .  A d d i t i o n a l l y ,  t h e  h i g h  NaCl c o n c e n t r a t i o n s  c a u s e d  
c o n f o r m a t i o n a l  c h a n g e s  i n  p r o t e i n s  i n  a c h a i n  o f  r e s p i r a t o r y  
enzymes (Brow n, 1964-). Yamada and  S h i io  (1 9 5 5 )  d e m o n s t r a t e d  
an i n h i b i t o r y  e f f e c t  by  NaCl c o n c e n t r a t i o n s  g r e a t e r  t h a n  1 .5  
M on t h e  r e s p i r a t i o n  o f  B a c i l l u s  p u m ilu s  v a r . , a  h a l o t o l e r a n t  
b a c t e r i u m .  T hese  i n v e s t i g a t o r s  n o t e d  a  s u p p le m e n ta l  i n h i b i t o r y  
e f f e c t  on r e s p i r a t i o n  when 0 . 2  -  0 . 8  M g l u c o s e  was a d d e d .  They 
c o n c lu d e d  t h a t  oxygen  u t i l i z a t i o n  was a f f e c t e d  m a in ly  b y  
o sm o t ic  p r e s s u r e ,  r e g a r d l e s s  o f  w h e th e r  a n  e l e c t r o l y t e  o r  
n o n e l e c t r o l y t e  was r e s p o n s i b l e  f o r  t h e  o s m o t ic  p r e s s u r e .
F l a n n e r y  e t  a l .  (1 9 5 5 )  d e m o n s t r a t e d  an  i n v e r s e  r e l a t i o n  b e tw e e n  
i n t e r n a l  o s m o t ic  p r e s s u r e  and  oxygen  u t i l i z a t i o n  i n  V. c o s t i c o l u s .
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E ig e n  and  W ilk en s  (1 9 6 5 )  fo u n d  an  i n v e r s e  r e l a t i o n  b e tw e e n  
i n c r e a s e d  o sm o t ic  p r e s s u r e  ( c a u s e d  b y  0 . 5  -  0 . 8  M N aCl) and 
d e c r e a s e d  oxygen u t i l i z a t i o n  b y  E . c o l i . They c o n c lu d e d  
t h a t  s u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  c a u s e d  c e l l  membrane 
d i s t o r t i o n  t h a t  a f f e c t e d  m em brane-bound  r e s p i r a t o r y  enzymes 
a s  w e l l  a s  a l t e r i n g  s o l u t e  an d  w a te r  movement a c r o s s  t h e  
membrane. C o n t r a r y  t o  t h e  d a t a  o f  Yamada and S h i i o  (1 9 5 3 )  
and i n  l i g h t  o f  t h e  d a t a  t h a t  g l y c e r o l  and  s u c r o s e  d i d  n o t  
a l t e r  t h e  g ro w th  r e s p o n s e  o f  P .  h a l o d u r a n s , oxygen  u t i l i z a t i o n  
by  t h e  o rg a n is m  was a f f e c t e d  o n l y  by  an i n c r e a s e  i n  t h e  i o n i c  
s t r e n g t h  o f  t h e  medium.
Oxygen u t i l i z a t i o n  b y  P .  h a l o d u r a n s  was d e c r e a s e d  a t  
NaCl c o n c e n t r a t i o n s  b e lo w  t h o s e  o f  t h e  e s t u a r y  ( P i g .  1 7 ) .
At 0 .0 1  M NaCl, oxygen  u t i l i z a t i o n  d e c r e a s e d  o v e r  75 % com pared  
to  m axim al v a l u e s .  A t l e a s t  0 .0 1  M NaCl was r e q u i r e d  f o r  
oxygen u t i l i z a t i o n  b y  A. m a r i n o p r a e s e n s . The c o n c e n t r a t i o n  
o f  Na r e q u i r e d  was a f u n c t i o n  o f  t h e  s u b s t r a t e  o x i d i z e d  
(MacLeod e t  a l . .  1 9 5 8 ) .  When t h e  c e l l - f r e e  enzymes o f  t h e  
t r i c a r b o x y l i c  a c i d  c y c l e  w ere  s t u d i e d ,  none  w ere  fo u n d  t o  
r e q u i r e  Na f o r  a c t i v i t y .  O d d ly ,  a t  Na c o n c e n t r a t i o n s  
r e q u i r e d  f o r  m axim al oxygen  u t i l i z a t i o n ,  c e l l - f r e e  enzymes 
w ere i n h i b i t e d .  P r a t t  and H app o ld  ( i 9 6 0 )  o b t a i n e d  s i m i l a r  
r e s u l t s  t o  t h o s e  o f  MacLeod w i t h  a  m a r in e  V i b r i o . MacLeod 
e t  a l . (1 9 5 8 )  c o n c lu d e d  t h a t  Na h a d  s p e c i f i c  f u n c t i o n s  i n  m a r in e  
b a c t e r i a  i n  t r a n s p o r t i n g  s u b s t r a t e s  i n t o  t h e  c e l l s  and  l e s s  
s p e c i f i c  f u n c t i o n s  i n  a c t i v a t i n g  o x i d a t i v e  enzym es.
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Na a c t i v a t e d ,  and  com bined w i t h  a  p e rm e a se  o r  c a r r i e r  
m o le c u le  c r e a t i n g  c o n f o r m a t i o n a l  c h a n g e s  i n  t h e  m o le c u le s  
n e c e s s a r y  f o r  s u b s t r a t e  a f f i n i t y  (Thompson and  MacLeod, 1 9 7 1 ) .  
Low c o n c e n t r a t i o n s  o f  Na a c t i v a t e d  l e s s  c a r r i e r  m o le c u le s ,  
l e s s  s u b s t r a t e  u p t a k e ,  a n d  l e s s  oxygen  u t i l i z a t i o n .  Low 
c o n c e n t r a t i o n s  o f  Na c a u s e d  w eakened c e l l  w a l l  and  c e l l  mem­
b r a n e ,  l e a d i n g  t o  d i s r u p t i o n  o f  m em brane-bound  r e s p i r a t o r y  
enzymes a s  w e l l  a s  a l t e r i n g  c e l l  w a l l  and c e l l  membrane 
p e r m e a b i l i t y  w hich  a l lo w e d  o x i d i z a b l e  compounds t o  l e a v e  t h e  
c e l l  (T o m lin so n  and MacLeod, 1957; D rap eau  e t  a l . , 1 9 6 6 ) .
I t  may be  t h a t  a t  low c o n c e n t r a t i o n s  o f  Na, K m ust assum e a 
r o l e  o f  m a i n t a i n i n g  c e l l  w a l l  i n t e g r i t y .  I f  s o ,  t h e n  t h e  
amount o f  a v a i l a b l e  K i n  t h e  m ic r o e n v i ro n m e n t  s u r r o u n d in g  
t h e  p e rm e a se  enzymes may b e  lo w e r  t h a n  n e e d e d  f o r  t h e  o p t im a l  
i n d u c t i o n  o f  a p e n e t r a t i o n  and  t r a n s p o r t  m echan ism  (Rhodes 
and P a y n e ,  1 9 62 ; P ay n e , I 9 6 0 ) ,  an d  a c c u m u la t io n  o f  ex o geneous  
s u b s t r a t e  w i t h i n  t h e  c e l l  membrane (Thompson and MacLeod, 
1 9 7 5 ) .  O sm otic  im b a la n c e  may b e  a  f a c t o r  a l s o  i n  d e c r e a s i n g  
e n z y m a tic  a c t i v i t y  o f  t h e  p e n e t r a t i o n  and  t r a n s p o r t  sy s te m .
No e v id e n c e  h a s  b een  f o u n d  t h a t  a Na-pump was i n v o lv e d  i n  t h e  
d e c r e a s e  i n  r e s p i r a t i o n  a t  s u b o p t im a l  NaCl c o n c e n t r a t i o n s  
(D rap eau  e t  a l . ,  1 9 6 6 ) .  The e x a c t  r e a s o n  f o r  t h e  r e d u c e d  
r e s p i r a t o r y  a c t i v i t y  o f  P .  h a lo d u r a n s  a t  s u b o p t im a l  NaCl 
c o n c e n t r a t i o n s  i s  n o t  known; h o w e v e r ,  any  o r  a l l  o f  t h e  ab o v e-  
m e n t io n e d  r e a s o n s  f o r  r e d u c e d  r e s p i r a t i o n  i n  o t h e r  m ar in e  
b a c t e r i a  a r e  p r o b a b ly  a p p l i c a b l e  t o  P .  h a l o d u r a n s .
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E v id e n ce  t h a t  d e h y d ro g e n a s e  e n zy m e(s )  w ere  i n h i b i t e d  
a t  NaCl c o n c e n t r a t i o n s  t h a t  d e v i a t e d  from  t h o s e  o f  t h e  
e s t u a r y  o c c u r r e d  w i th  t h e  o x i d a t i o n - r e d u c t i o n  d y e s ,  t r i p h e n y l -  
t e t r a z o l i u m  c h l o r i d e  (TTC), d i c h l o r o i n d o p h e n o l  (D C IP ) , and 
m e th y le n e  b l u e  (MB) ( P i g s .  2 0 - 2 2 ) .  D e h y d ro g en a se  a c t i v i t y  
a t  0 .0 1  and 3 -7 5  M NaCl d e c r e a s e d  a p p r o x i m a t e ly  70 and  85 %, 
r e s p e c t i v e l y ,  com pared  t o  m axim al a c t i v i t y .
The e x a c t  r e a s o n s  f o r  t h e  r e d u c e d  enzyme a c t i v i t y  i n  
t h e  e l e c t r o n  t r a n s p o r t  sy s tem  o f  P .  h a l o d u r a n s  a r e  n o t  known.
A p o s s i b l e  m echanism  w ould  b e  t o  e x p l a i n  t h e  r e d u c e d  a c t i v i t y  
i n  t e r m s  o f  e l e v a t e d  o sm o t ic  p r e s s u r e s  c a u s e d  b y  h i g h  NaCl 
c o n c e n t r a t i o n s  w h ic h  m ig h t  a l t e r  one s e n s i t i v e  s i t e  o r  in d u c e  
a  w hole  se q u e n c e  o f  s e c o n d a r y  c h a n g e s  w h ic h  may e f f e c t  t h e  
p h y s i o l o g i c a l  s t a t e  o f  t h e  w hole  c e l l  (P assow  e t  a l , ,  1 9 6 1 ) .  
A l t e r n a t e  e x p l a n a t i o n s  may b e  p o s s i b l e  p e r m e a b i l i t y  c h a n g e s  
i n  t h e  c e l l  membrane t o  t h e  o x i d a t i o n - r e d u c t i o n  com pounds, a 
s h i f t  t o  an  a l t e r n a t e  e l e c t r o n  t r a n s p o r t  p a th w ay  ( D o l i n ,
1 9 6 1 ) ,  o r  io n  a n ta g o n is m  b y  e l e v a t e d  i n t e r n a l  NaCl c o n c e n t r a ­
t i o n s  r e n d e r i n g  a  f l a v o p r o t e i n  n o n f u n c t i o n a l  ( R a ja g o p a la n  and  
H a n d le r ,  1 9 6 8 ) .  The s i m i l a r i t y  b e tw e e n  t h e  e f f e c t  o f  s u p p l e ­
m e n ta l  NaCl on t h e  r e s p i r a t i o n  o f  P .  h a lo d u r a n s  and  t h e  
amount and  e x t e n t  o f  r e d u c t i o n  o f  TTC, DCIP, and MB, i n d i c a t e d  
t h a t  t h e  r e d u c e d  d e h y d ro g e n a s e  a c t i v i t y  a t  t h e  f l a v o p r o t e i n -  
q u in o n e  l e v e l  was due m ost p r o b a b l y  t o  a n  e l e v a t e d  i n t r a ­
c e l l u l a r  o sm o t ic  p r e s s u r e  c r e a t e d  b y  t h e  i n c r e a s e d  i o n i c  
s t r e n g t h  o f  t h e  medium. R educed  e n zy m a tic  a c t i v i t y  a t  t h e  
f l a v o p r o t e i n - q u i n o n e  l e v e l  i n  t h e  e l e c t r o n  t r a n s p o r t  sy s tem
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e x p la in e d  i n  p a r t  t h e  d e c r e a s e  i n  t h e  g ro w th  r a t e  o f  P. 
h a lo d u r a n s  a s  NaCl c o n c e n t r a t i o n  i n c r e a s e d .
The a c t i v i t y  o f  t h e  d e h y d ro g e n a s e  e n zy m e(s )  a t  3 -7 5  
M NaCl i n d i c a t e d  t h a t  t h e  e n zy m e(s )  w ere  h a l o t o l e r a n t . Yamada 
and Asano (1 9 5 4 )  d e m o n s t r a t e d  a  s i m i l a r  h a l o t o l e r a n c e  o f  
c e r t a i n  d e h y d ro g e n a s e  enzymes i s o l a t e d  from  Pseudom onas s p .
No. 1 0 1 .  T hese  enzym es t o l e r a t e d  up t o  2 . 0  M NaCl w i t h  a  
30 % d e c r e a s e  i n  a c t i v i t y  com pared  t o  m axim al a c t i v i t y  a t  
0 .3  H NaCl. The a b i l i t y  o f  d e h y d ro g e n a s e  enzym es t o  f u n c t i o n  
a t  3 .7 5  M e x p l a i n s  i n  p a r t  t h e  a b i l i t y  o f  P .  h a lo d u r a n s  t o  
g ro w th  a t ,  and t o l e r a t e ,  NaCl c o n c e n t r a t i o n s  g r e a t e r  t h a n  
12- f o l d  t h o s e  o f  t h e  e s t u a r y .
S u p p o r t i v e  e v id e n c e  t h a t  t h e  t o l e r a n c e  o f ,  and  r e s p o n s e  
t o ,  s u p p le m e n ta l  NaCl by  P . h a l o d u r a n s  was r e f l e c t i v e  o f  t h e  
h a l o t o l e r a n c e  o f  c e r t a i n  enzym es was fo u n d  w i t h  t h e  r e g u l a t o r y  
enzyme, a s p a r t a t e  t r a n s c a r b a m y l a s e  (A T C ase) . T h is  a l l o s t e r i c  
enzyme i n v o lv e d  i n  p y r i m i d i n e  b i o s y n t h e s i s  ( L e h n in g e r ,  1975)?  
d e m o n s t r a te d  a  h a l o t o l e r a n t  r e s p o n s e  t o  NaCl (u p  t o  3 .7 5  M) 
v e r y  s i m i l a r  t o  t h e  r e s p o n s e  o f  w hole  c e l l s  ( P i g .  3 1 ) .  Maximal 
enzyme a c t i v i t y  (21 0  -  250  yM c a rb am y l a s p a r t a t e / m i n / m g  d r y  
w t) o c c u r r e d  a t  NaCl c o n c e n t r a t i o n s  a p p r o x im a t in g  and s l i g h t l y  
h i g h e r  t h a n  t h o s e  o f  t h e  e s t u a r y  ( 0 . 2  -  0 . 5  M) w i t h  a c t i v i t y  
d e c r e a s i n g  s t e a d i l y  t o  a minimum o f  l e s s  t h a n  15  % m axim al 
a t  3 -7 5  M NaCl r e g a r d l e s s  o f  t h e  g ro w th  medium NaCl c o n c e n t r a ­
t i o n  ( F i g .  3 1 ) .  A p a r t i a l  e x p l a n a t i o n  f o r  t h e  r e q u i r e m e n t  
f o r ,  and  t o l e r a n c e  t o ,  NaCl by  P .  h a lo d u r a n s  was t h e  r e q u i r e ­
ment f o r  NaCl b y  a t  l e a s t  one r e g u l a t o r y  enzyme o f  P .  h a l o d u r a n s .
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L ie b l  e t  a d .  (1 969 )  d e m o n s t r a t e d  t h e  d e p e n d e n c e  u pon  a t  l e a s t
2 ,0  M NaCl f o r  t h e  a c t i v i t y  o f  ATCase e x t r a c t e d  from  H. 
c u t i r u b r u m . B a x te r  a n d  G ibbons (1 9 5 4 , 1 9 3 6 ,  1957) f o u n d  s u c h  
NaCl d e p e n d e n c e  was c h a r a c t e r i s t i c  o f  a num ber o f  enzymes 
e x t r a c t e d  from  m o d e ra te  and e x t r e m e  h a l o p h i l i c  b a c t e r i a .
T hese  i n v e s t i g a t o r s  showed a l s o  t h a t  enzym es e x t r a c t e d  from  
E. c o l i  d e m o n s t r a te d  m axim al a c t i v i t y  i n  t h e  a b s e n c e  o f  N aC l. 
MacLeod e t  a l .  ( i 9 6 0 )  d e m o n s t r a t e d  an o b l i g a t e  NaCl r e q u i r e ­
ment o f  0 . 0 5  M NaCl f o r  m in im a l  a c t i v i t y  o f  t h e  a c o n i t a s e  
and i s o c i t r a t e  d e h y d ro g e n a s e s  e x t r a c t e d  fro m  A. m a r i n o p r a e s e n s . 
T hus, s i m i l a r  t o  P .  h a l o d u r a n s , t h e  r e s p o n s e  o f  h a l o p h i l i c  
and  n o n h a l o p h i l i c  b a c t e r i a  t o  NaCl r e f l e c t e d  i n  p a r t  t h e  
r e s p o n s e  o f  t h e i r  s p e c i f i c  enzym es t o  N aC l. Nor P .  h a l o d u r a n s , 
t h e  d e c r e a s e  i n  ATCase a c t i v i t y  a t  s u p p le m e n ta l  NaCl c o n c e n ­
t r a t i o n s  w as r e f l e c t e d  i n  t h e  d e c r e a s e  i n  t h e  g ro w th  r a t e .
T hus, a l t h o u g h  t h e  h a l o t o l e r a n c e  o f  t h e  enzyme p e r m i t t e d  
g row th  a t  i n c r e a s e d  NaCl c o n c e n t r a t i o n s ,  t h e  r e d u c t i o n  o f  
e n z y m a tic  a c t i v i t y  a t  t h e s e  NaCl c o n c e n t r a t i o n s  c o i n c i d e d  
w i th  t h e  r e d u c e d  g r o w th  r a t e  o f  P .  h a l o d u r a n s .
The c o r r e l a t i o n  b e tw e e n  t h e  g ro w th  r a t e  o f ,  and  t h e  
h a l o p h i l i c  c h a r a c t e r  o f  enzymes i s o l a t e d  f ro m , m o d e ra te  and 
ex tre m e  h a l o p h i l i c  b a c t e r i a ,  s u g g e s t e d  t h a t ,  c o n t r a r y  t o  
t h e o r i e s  t h a t  h e ld  t h a t  h a l o p h i l i c  b a c t e r i a  t o l e r a t e d  h i g h  
c o n c e n t r a t i o n s  o f  Na b y  e x c l u d in g  i t  a c t i v e l y  from  t h e  c e l l  
(R o b in so n  e t  a l ,  1 9 5 2 ) ,  i n t r a c e l l u l a r  Na a p p ro x im a te d  medium 
Na c o n c e n t r a t i o n s .  The u p ta k e  and  a c c u m u la t i o n  o f  Na and K 
b y  m o d e ra te  and e x t r e m e  h a l o p h i l i c  b a c t e r i a  was shown
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s u b s e q u e n t ly  by  C h r i s t i a n  (1 9 5 6 )  a s  an  i n t e g r a l  p a r t  o f  
h a l o p h i l i s m .
The c o r r e l a t i o n  b e tw e e n  t h e  r e s p o n s e  o f  c e l l - f r e e  
ATCase a n d  whole P .  h a lo d u r a n s  c e l l s  t o  s u p p le m e n ta l  NaCl t o  
3 .7 5  M, i n d i c a t e d  t h a t  t h e  c e l l s  w ere  n o t  e x c lu d in g  i o n s  
from  e n t e r i n g  t h e  c y to p la s m  and  t h a t  t h e  i n t r a c e l l u l a r  i o n i c  
c o n c e n t r a t i o n s  o f  t h e  c e l l s  was s u f f i c i e n t l y  h ig h  t o  a f f e c t  
e n z y m a tic  a c t i v i t y .  U p tak e  and  a c c u m u la t io n  o f  Na and  K by 
P . h a lo d u r a n s  c e l l s  w ere  d e p e n d e n t  upon  t h e  p h y s i o l o g i c a l  age 
o f  t h e  c u l t u r e  and  t h e  c o n c e n t r a t i o n  o f  NaCl i n  t h e  medium 
( T a b le s  25 -  2 8 ) .  Maximum a c c u m u la t i o n  o f  Na and K o c c u r r e d  
i n  t h e  e a r l y  l o g a r i t h m i c  g ro w th  p h a s e .  A t 3^5 mM medium Na, t h e  
i n t r a c e l l u l a r  Na a v e r a g e d  423 mM w h ich  was 1 .2 2  t im e s  t h e  
medium N a. The a v e r a g e  i n t r a c e l l u l a r  K c o n c e n t r a t i o n  a t  12 mM 
medium K was 23 mM w h ic h  was 1 .9 2  t im e s  t h e  medium K. The 
i n t r a c e l l u l a r  Na a n d  K c o n c e n t r a t i o n s  f o r  P .  h a l o d u r a n s  i n  
m o d i f i e d  2216E medium (345  mM N aCl) w ere  s i m i l a r  t o  t h o s e  
o b t a i n e d  b y  T ak a cs  e t  a l .  (1 9 6 4 )  s t u d y i n g  A. m a r i n o p r a e s e n s . 
W ith  c e l l s  grown i n  medium NaCl c o n c e n t r a t i o n s  r a n g i n g  from  
55 t o  1020 mM, and  K c o n c e n t r a t i o n s  f ro m  12 -  25 mM, t h e s e  
i n v e s t i g a t o r s  fo u n d  t h a t  t h e  i n t r a c e l l u l a r  Na c o n c e n t r a t i o n  
was from  1 .0 5  t o  1 .2 4  t im e s  g r e a t e r  t h a n  t h e  medium Na 
c o n c e n t r a t i o n ;  w h i l e  t h e  i n t r a c e l l u l a r  K c o n c e n t r a t i o n  was 
from  1 .9 5  t o  2 .0 2  t i m e s  g r e a t e r  t h a n  t h e  medium K c o n c e n t r a ­
t i o n .  T h u s ,  s i m i l a r  t o  A. m a r i n o p r a e s e n s , P .  h a lo d u r a n s  d id  
n o t  e x c lu d e  Na o r  K from  t h e  i n t e r i o r  o f  t h e  c e l l .
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I n  1659 and. 2920  mM medium Na, t h e  i n t r a c e l l u l a r  Na 
c o n c e n t r a t i o n  a v e ra g e d  996 and  1198 mM, w h ic h  w as, r e s p e c t i v e l y ,  
0 .6 0  and 0 .4 1  t im e s  t h e  medium Na ( T a b l e s  26 and 2 7 ) .  A t t h e  
same medium Na c o n c e n t r a t i o n s  and 12 mM K, i n t r a c e l l u l a r  K 
a v e ra g e d  169 and 306 mM, w h ic h  w as, r e s p e c t i v e l y ,  1 4 .1  and 
2 5 .5  t im e s  t h e  medium K. M asui and  Wada (1 9 7 5 )  u s i n g  an  
u n i d e n t i f i e d  m o d e ra te  h a l o p h i l i c  b a c t e r i u m ,  No. 1 0 1 , o b s e rv e d  
t h e  i n t r a c e l l u l a r  K c o n c e n t r a t i o n  v a r i e d  fro m  121 t o  1 6 1 - f o l d  
t h e  medium K (0 .0 5M ), a s  medium Na i n c r e a s e d  from  1 . 0  t o  3*0 
M. I n t r a c e l l u l a r  Na c o n c e n t r a t i o n  v a r i e d  from  0 .9 0  t o  0 .3 5  
t im e s  t h e  medium Na. M ath eso n  e t  a d .  (1 9 7 6 )  fo u n d  t h a t  t h e  
i n t r a c e l l u l a r  Na and K c o n c e n t r a t i o n s  o f  a n  u n i d e n t i f i e d  
m o d e ra te  h a l o p h i l i c  b a c t e r i u m  (NRCC No. 4 1 2 2 7 )  v a r i e d  w i th  
t h e  age  o f  t h e  c e l l s .  The i n t r a c e l l u l a r  Na c o n c e n t r a t i o n  
n e v e r  e x c e e d e d  0 .2 5  f o l d  t h e  medium Na ( 0 . 5 0 - 4 . 5 2  M) w h i le  
t h e  i n t r a c e l l u l a r  K c o n c e n t r a t i o n  v a r i e d  b e tw e e n  10 and 1 5 -  
f o l d  t h e  medium K ( 0 . 0 4  M). C h r i s t i a n  a n d  W altho  (1 9 6 1 )  
u s i n g  s t a t i o n a r y  p h a s e  M. h a l o d e n i t r i f i c a n s  and V. c o s t i c o l u s  
c e l l s ,  grown i n  1 .0  M N aC l, fo u n d  i n t r a c e l l u l a r  Na v a r i e d  
b e tw e e n  0 . 3  and  0 . 7 - f o l d  t h e  medium Na w h i l e  i n t r a c e l l u l a r  K 
v a r i e d  b e tw e e n  55 and  120 f o l d - t h e  medium K (0 .0 0 4  M ). T hese  
i n v e s t i g a t o r s  s t u d y i n g  H. s a l i n a r i u m  an d  H a lo c o c c u s  m o rrh u ae  
grown i n  4 . 0  M NaCl a n d  0 .0 3 2  M KC1 t o  t h e  s t a t i o n a r y  p h a s e ,  
n o te d  i n t r a c e l l u l a r  Na c o n c e n t r a t i o n s  v a r i e d  b e tw e e n  0 .5  and 
0 . 8 - f o l d  t h a t  o f  t h e  g ro w th  medium, w h i l e  i n t r a c e l l u l a r  K 
was c o n c e n t r a t e d  6 4 - 1 4 0 - f o l d  t h e  medium K. A l th o u g h  t h e  
i n t r a c e l l u l a r  c o n c e n t r a t i o n s  o f  Na and  K c a n  v a r y  a  g r e a t
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d e a l  i n  m o d e ra te  and  e x tre m e  h a l o p h i l i c  " b a c t e r i a  d e p e n d in g  
upon  t h e  age  o f  t h e  c u l t u r e  (G in z h u rg  e t  a l . ,  1970; S c h u l t z  
and Solom on, 1 961) and  t h e  e x t e n t  t h a t  Na a n d  K e x i s t  i n  t h e  
f r e e  o r  "bound s t a t e  i n  t h e  c e l l  (G in z h u rg  e t  d . , ,  1971; L a n y i  
and S i lv e r m a n ,  1 9 7 2 ) ,  t h e  i n t r a c e l l u l a r  Na c o n c e n t r a t i o n ,  
s i m i l a r  t o  N a C l - s t r e s s e d  P .  h a lo d u r a n s  c e l l s ,  was n e v e r  
a c t i v e l y  e x c lu d e d  from  t h e  c e l l s  a n d  was d e p e n d e n t  upon  t h e  
medium Na c o n c e n t r a t i o n .  S i m i l a r  t o  m o d e r a te  and ex tre m e  
h a l o p h i l i c  b a c t e r i a ,  t h e  i n t r a c e l l u l a r  Na c o n c e n t r a t i o n  o f  P. 
h a lo d u r a n s  a f f e c t e d  e n z y m a t ic  a c t i v i t y .  T h u s ,  t h e  r e s p o n s e  
and t o l e r a n c e  o f  P .  h a lo d u r a n s  t o  s u p p le m e n ta l  NaCl c o n c e n ­
t r a t i o n s  up t o  12- f o l d  g r e a t e r  t h a n  t h o s e  o f  t h e  e s t u a r y  m ust 
h e  p a r t l y  a t t r i b u t e d  t o  t h e  r e s p o n s e  and t o l e r a n c e  o f  ATCase 
to  i n t r a c e l l u l a r  Na. The r a t i o s ,  h o w e v e r ,  o f  DNA t o  ENA, 
p r o t e i n ,  c a r b o h y d r a t e ,  an d  p h o s p h o l i p i d  w ere  n o t  a l t e r e d  by  
s u p p le m e n ta l  NaCl t o  3 .4 5  M ( T a b l e s  31 -  3 * 0 . T hus , t h e  
e n z y m a tic  m a c h in e ry  f o r  t h e  p r o d u c t i o n  o f  f i v e  m a jo r  b i o ­
c h e m ic a l  c o n s t i t u e n t s  was n o t  a f f e c t e d  b y  t h e  i n c r e a s e d  
i n t r a c e l l u l a r  Na c o n c e n t r a t i o n .  The c o n s t a n c y  o f  t h e  C :P  
and N :P  r a t i o s  o f  P .  h a lo d u r a n s  d u r i n g  t h e  e x te n d e d  l a g  p h a s e  
o f  N a C l - s t r e s s e d  c e l l s  com pared  t o  u n s t r e s s e d  c e l l s  i n d i c a t e d  
f u r t h e r ,  no i o n - i n d u c e d  m e t a b o l i c  im b a la n c e  i n  t h e  c e l l s  
( P i g .  2 6 ) .  More e n z y m a tic  s t u d i e s  m ust b e  c o n d u c te d  b e f o r e  
a  th o r o u g h  e x p l a n a t i o n  o f  P . h a lo d u r a n s  h a l o t o l e r a n c e  c a n  be  
a d v a n c e d .
The a c c u m u la t io n  o f  i n t r a c e l l u l a r  K i n  d i r e c t  r e l a ­
t i o n  t o  NaCl c o n c e n t r a t i o n  i n  t h e  medium b y  P .  h a lo d u r a n s
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s u g g e s t e d  t h a t  K may a l s o  c o n t r i b u t e  t o  t h e  h a l o t o l e r a n c e  o f  
t h e  o rg a n is m .  C h r i s t i a n  and  W altho  (1 9 6 2 )  s t u d y i n g  38 
s p e c i e s  o f  g r a m - n e g a t iv e  and  g r a m - p o s i t i v e  n o n h a l o p h i l i c  a n d  
h a l o p h i l i c  b a c t e r i a  f o u n d  t h a t  a l l  s p e c i e s  a c c u m u la te d  K i n  
t h e  c e l l s  b e tw e e n  10 an d  140* .fo ld  t h e  medium K a s  medium 
NaCl c o n c e n t r a t i o n  i n c r e a s e d .  They n o t e d  a  d i r e c t  c o r r e l a t i o n  
b e tw e e n  K c o n t e n t  o f  t h e  c e l l  and NaCl r e q u i r e m e n t  and 
t o l e r a n c e  o f  t h e  s p e c i e s ;  t h e  h i g h e r  t h e  d e g re e  o f  NaCl 
t o l e r a n c e  o r  r e q u i r e m e n t ,  t h e  g r e a t e r  t h e  a c c u m u la t io n  o f  
i n t r a c e l l u l a r  K. T h ese  r e s u l t s  s u g g e s t e d  two p o s s i b i l i t i e s :  
( 1 )  t h e  K p l a y e d  an  i m p o r t a n t  r o l e  i n  t h e  a c t i v a t i o n  o f  t h e  
m e t a b o l i c  a p p a r a t u s  i n  h a l o p h i l i c  b a c t e r i a ;  a n d / o r  ( 2 ) t h e  
h i g h  i n t r a c e l l u l a r  K i m p a r t e d  a  r e s i s t a n c e  t o  p l a s m o l y s i s  
an d  d e h y d r a t i o n  b y  lo w e r in g  t h e  w a te r  a c t i v i t y  o f  h a l o p h i l i c  
and  n o n h a l o p h i l i c  NaCl t o l e r a n t  c e l l s ,  t h u s  o v e rcom ing  t h e  
d e t r i m e n t a l  e f f e c t s  o f  i n c r e a s e d  medium NaCl c o n c e n t r a t i o n s .  
The a c c u m u la t i o n  o f  i n t r a c e l l u l a r  K c a u s e d  t h e  Na/K r a t i o  o f  
t h e  c y to p la s m  t o  d e c r e a s e  c o n s i d e r a b l y  when com pared  t o  t h e  
Na/K r a t i o  o f  t h e  medium. The Na/K o f  t h e  g ro w th  medium 
u s e d  b y  C h r i s t i a n  and  W altho  (1 9 6 2 )  was 6 , 2 5 0 , and 125 , w h i l e  
t h e  i n t r a c e l l u l a r  Na/K r a t i o  a v e ra g e d  0 . 3 ,  1 . 6 ,  and 0 . 9 ,  f o r  
n o n h a l o p h i l i c ,  m o d e ra te  h a l o p h i l i c ,  and  e x tre m e  h a l o p h i l i c  
b a c t e r i a ,  r e s p e c t i v e l y .  Nor P .  h a l o d u r a n s  t h e  medium Na/K 
was a p p r o x i m a t e ly  3 0 , 140 , and  24 5 , w h i l e  t h e  i n t r a c e l l u l a r  
Na/K was a p p r o x i m a t e ly  18 , 6 , and  4 ,  f o r  t h e  o rg a n is m  grow n 
i n  m o d i f i e d  2216E medium and  t h e  medium su p p le m e n te d  w i th
1 .3 0  and  2 .6 0  M N aCl, r e s p e c t i v e l y  ( T a b l e s  2 5 ,  2 6 ,  2 7 ) .
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T hus, s i m i l a r  t o  h a l o t o l e r a n t ,  n o n h a l o p h i l i c  " b a c t e r i a ,  and  
m o d e ra te  an d  e x tre m e  h a l o p h i l i c  b a c t e r i a ,  P .  h a lo d u r a n s  c e l l s ,  
c o n t r a r y  t o  Na a c c u m u la t io n ,  t o o k  up K a c t i v e l y  f ro m  t h e  
medium. T h i s  a c t i v e  u p ta k e  o f  K b y  N a C l - s t r e s s e d  P .  h a lo d u r a n s  
c e l l s  s u g g e s t e d  s t r o n g l y  t h a t  K a c c u m u la t io n  was i n v o lv e d  i n  
t h e  h a l o t o l e r a n c e  o f  t h e  o r g a n is m ,  a l t h o u g h  t h e  e x a c t  b a s i s  
o f  t h e  r e l a t i o n s h i p  b e tw e e n  i n t r a c e l l u l a r  K c o n t e n t  and  NaCl 
t o l e r a n c e  i s  n o t  c l e a r .
C o n c u r re n t  w i t h  Na and K a c c u m u la t io n  b y  P .  h a lo d u r a n s  
c e l l s  i n  s u p p le m e n te d  NaCl medium was an  i n c r e a s e  i n  t h e  
i n t r a c e l l u l a r  f l u i d  volum e ( T a b l e s  2 5 ,  2 6 ,  2 7 ) .  I n  1 .5 0  and  
2 .6 0  H s u p p le m e n ta l  NaCl-m edium , i n t r a c e l l u l a r  f l u i d  volum e 
i n c r e a s e d  2 . 5  and 4 . 5 - f o l d ,  r e s p e c t i v e l y ,  com pared  t o  t h e  
i n t r a c e l l u l a r  f l u i d  volum e o f  u n s t r e s s e d  c e l l s  ( a p p r o x i m a t e l y
2 .0  m l /g  d r y  w e i g h t ) .  T ak acs  _et a l .  (1 9 6 4 )  fo u n d  t h a t  t h e  
i n t r a c e l l u l a r  f l u i d  volum e o f  A. m a r in o p r a e s e n s  i n c r e a s e d  
a p p r o x im a te ly  t w o - f o l d  ( f ro m  1 .4 3  t o  2 . 7 8  m l /g  d r y  w e ig h t )  a s  
t h e  medium NaCl c o n c e n t r a t i o n  i n c r e a s e d  fro m  0 .3 0  t o  1 .1 0  M. 
Yamada a n d  S h i i o  (1 9 5 3 )  fo u n d  t h a t  t h e  w a te r  c o n t e n t  o f  t h e  
h a l o t o l e r a n t  o rg a n is m ,  B. p u m i lu s  v a r . , was a  f u n c t i o n  o f  
t h e  i n t r a c e l l u l a r  Na and  medium NaCl c o n c e n t r a t i o n s .
The c o r r e l a t i o n  b e tw e e n  i n c r e a s e d  i n t r a c e l l u l a r  f l u i d  
volume and  i n c r e a s e d  c o n c e n t r a t i o n s  o f  i n t r a c e l l u l a r  Na and 
K s u g g e s t e d  t h a t  w a t e r  e n t e r e d  P .  h a lo d u r a n s  c e l l s  p a s s i v e l y  
to  d i l u t e  and  t h e r e b y  r e d u c e  t h e  p o t e n t i a l l y  i n h i b i t o r y  
e f f e c t s  t h a t  an  i n c r e a s e  i n  t h e  i n t r a c e l l u l a r  i o n i c  s t r e n g t h  
c o u ld  c a u s e  on p r o t e i n  and  enzyme a c t i v i t y .  An i n c r e a s e  i n
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t h e  i n t r a c e l l u l a r  f l u i d  c a u s e d  an  i n c r e a s e  i n  c e l l  s i z e  
(vo lum e) w h ic h  c o u ld  c a u s e  t h e  c e l l  membrane t o  p r e s s  a g a i n s t  
th e  i n n e r  l a y e r  o f  t h e  c e l l  w a l l  w i t h  a  t u r g o r  p r e s s u r e .  
M i t c h e l l  and  Moyle (1 9 5 6 )  o b s e r v e d  t h e  c e l l  membrane t o  p r e s s  
a g a i n s t  t h e  c e l l  w a l l  o f  E . c o l i  i n  0 . 8  M N aC l. D u r in g  
b a la n c e d  g ro w th ,  t h e  c e l l  membrane was s e p a r a t e d  from  t h e  c e l l  
w a l l  b y  t h e  p e r i p l a s m i c  s p a c e ;  and  b o t h  membrane and w a l l  
expanded  an d  ch an g ed  sh a p e  ( S a l t o n ,  1 9 6 7 ) .  The maximum s i z e  
a  c e l l  may a t t a i n  was d e te r m in e d  b y  t h e  p e r i p l a s m i c  sp a c e  
w i t h i n  t h e  c e l l  w a l l  ( S a l t o n ,  1 9 6 7 ) .  I f  s o ,  t h e  maximum NaCl 
t o l e r a n c e  o f  P .  h a lo d u r a n s  may b e  i n  p a r t  a  f u n c t i o n  o f  t h e  
e x p a n s io n  a b i l i t y  o f  t h e  c e l l  m em brane. The d i s t o r t e d  c e l l  
membrane c o u ld  h a v e  c a u s e d  t h e  f l a g e l l u m ,  a l r e a d y  w eakened  b y  
t h e  i n c r e a s e d  i n t r a c e l l u l a r  and medium NaCl c o n c e n t r a t i o n s ,  t o  
s e p a r a t e  f ro m  t h e  m em brane-bound f l a g e l l a r  b a s a l  d i s c s ,  
r e n d e r i n g  t h e  c e l l  n o n m o t i l e  ( P i g .  8 ) .  Once t h e  NaCl s t r e s s  
was rem oved and t h e  i n t e r n a l  o s m o t ic  p r e s s u r e  d e c r e a s e d ,  t h e  
c e l l  membrane r e t u r n e d  t o  n o rm al and  t h e  membrane a s s o c i a t e d -  
b a s a l  d i s c s  r e g e n e r a t e d  a  new f l a g e l l u m .  T h u s ,  t h e  c e l l s  
may n o t  o n ly  have  r e t u r n e d  t o  t h e  u n s t r e s s e d  m o rp h o lo g y , b u t  
a l s o  t o  t h e  m o t i l e  fo rm . S t r o n g l y  p la s m o ly z e d  B a c i l l i  s p .  
were shown t o  f i r s t  l o s e  m o t i l i t y  an d  t h e n  r e g a i n  i t  when 
t h e  c e l l s  w ere  p l a c e d  i n  a  h y p e r t o n i c  and t h e n  i s o t o n i c  medium 
(D o e ts c h  and  Cook, 1973; V a i t u z i s  and  D o e ts c h ,  1 9 6 9 ) .
V a i t u z i s  and  D o e ts c h  (1 9 6 9 )  c o n c lu d e d  t h a t  f l a g e l l a r  b a s a l  
d i s c s  w ere  s t i l l  i n t a c t  and  c a p a b le  o f  r e g e n e r a t i n g  f l a g e l l a  
i n  i s o t o n i c  s o l u t i o n s .  U t i l i z i n g  E. c o l i  s p h e r o p l a s t s ,
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V a i t u z i s  and  D o e ts c h  (1 9 6 6 )  c o n c lu d e d  t h a t  f l a g e l l a  s y n t h e s i s  
i n v o lv e d  a m echanism  a s s o c i a t e d  c l o s e l y  w i th  t h e  c y to p l a s m i c  
membrane w h ich  was i n a c t i v a t e d  when t h e  membrane was d i s t o r t e d  
b y  a n  i n c r e a s e  i n  t h e  i o n i c  s t r e n g t h  o f  t h e  medium c a u s e d  by
s u p p le m e n ta l  N aC l.
22U sin g  N aC l, P .  h a lo d u r a n s  a c c u m u la te d  f ro m  14 t o
2222 % o f  t h e  t o t a l  c e l l - a s s o c i a t e d  Na a t  t h e  c e l l  e n v e lo p e  
i n  m o d i f i e d  2216E medium and  t h e  medium s u p p le m e n te d  w i th
1 .3 0  and 2 .6 0  M NaCl ( T a b l e s  29 and 3 0 ) .  D 'A oust  a n d  K u sh n er  
(1 9 7 1 )  d e m o n s t r a t e d  t h e  in v o lv e m e n t  o f  Na i n  membrane s t r u c t u r e  
and  c e l l  w a l l  s t a b i l i t y  o f  a n  u n i d e n t i f i e d  p s y c h r o p h i l i c  
m a r in e  b a c t e r i u m .  C o s t e r t o n  et_ al_. (1 9 6 7 )  i n d i c a t e d  a 
p o s s i b l e  r o l e  f o r  Na i n  t h e  c e l l  w a l l  s t a b i l i t y  o f  A. m a r in o ­
p r a e s e n s . B uckm ire  and  MacLeod ( 1 9 6 5 ) ,  and  B o r s b e r g  e t  a l .  
(1 9 7 0 a )  s u g g e s t e d  t h a t  Na a c t e d  a s  a s c r e e n  f o r  n e g a t i v e  
c h a r g e s  p e r m i t t i n g  s t a b i l i z a t i o n  o f  t h e  p e p t i d o g l y c a n  l a y e r .  
Devoe e t  _al. ( 1 9 7 0 ) fo u n d  m u r e in - d e p e n d e n t  s t a b i l i t y  o f  t h e  
c e l l  w a l l  o f  a  m a r in e  b a c t e r i u m ,  C -A l, grown i n  0 .1  t o  0 .6  M 
N aCl. The i o n i c  ( e s p e c i a l l y  Na) r e q u i r e m e n t s  o f  m o d e ra te  and  
e x tre m e  h a l o p h i l i c  b a c t e r i a  h a v e  b e e n  e x p la in e d  b y  a  s i m i l a r  
m echanism  (Brown, 1963; L a r s e n ,  1 9 6 2 ) .  P o r s b e r g  e t  a l .  (1 9 7 0 a )  
d e m o n s t r a te d  t h e  im p o r ta n c e  o f  t h e  p e p t i d o g l y c a n  l a y e r  f o r  
c e l l  sh ape  and  w a l l  i n t e g r i t y  i n  A. m a r in o p r a e s e n s  grown i n  
0 .0 5  t o  0 . 8  M N aC l.
The a c c u m u la t i o n  o f  p e p t i d o g l y c a n - a s s o c i a t e d  Na c o u ld  
b e  d e t r i m e n t a l  t o  t h e  c e l l .  P .  h a l o d u r a n s  c e l l s  r e l e a s e d  
g r e a t e r  am ounts  o f  u l t r a v i o l e t  (U V )-a b s o rb in g  m a t e r i a l  when
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s t r e s s e d  with. 1 .7 0  and  3 .4 5  M s u p p le m e n ta l  NaCl t h a n  u n s t r e s s e d  
c e l l s  ( F i g .  2 7 ) .  G r e a t e r  r e l e a s e  o f  m a t e r i a l  o c c u r r e d  i n  t h e  
s t a t i o n a r y  p h a s e  t h a n  i n  t h e  e a r l y  l o g a r i t h m i c  p h a s e .  The 
r e l e a s e  o f  m a t e r i a l  may h e  c a u s e d  h y  p a r t i a l  c y t o l y s i s  o f  
t h e  c e l l s ,  s e c r e t i o n ,  a n d / o r  a l t e r a t i o n  i n  t h e  p e r m e a b i l i t y  
o f  t h e  c e l l  membrane and c e l l  w a l l .
B uckm ire  and  MacLeod (1 9 6 5 ,  1 9 71 )  fo u n d  t h a t  t h e  
p e r m e a b i l i t y  and  s t a b i l i t y  o f  t h e  membrane and  e n v e lo p e  o f  
A. m a r in o p r a e s e n s  w ere  r e l a t e d  t o  t h e  a v a i l a b i l i t y  o f  Mg t o  
t h e  c e l l .  R e ce n t  f i n d i n g s  h a v e  i n d i c a t e d  t h e  i n t e r a c t i o n  o f  
Mg w i t h  t h e  p e p t i d o g l y c a n  l a y e r  o f  t h e  c e l l  e n v e lo p e  o f  A. 
m a r in o p r a e s e n s  t o  i n v o lv e  t h e  p e n t a g l y c i n e  c r o s s  l i n k a g e s  
(Rayman and MacLeod, 1 9 7 5 ) .
D 'A o u s t  and  K ushner  (1 9 7 1 )  d e m o n s t r a te d  t h e  i n v o l v e ­
ment o f  Mg i n  membrane s t r u c t u r e  and  w a l l  s t a b i l i t y  o f  a 
p s y c h r o p h i l i c  m a r in e  b a c t e r i u m .  Devoe and  O g insky  ( 1 9 6 9 a ,  b )  
n o te d  t h e  a n t a g o n i s t i c  e f f e c t  o f  m o n o v a le n t  c a t i o n s  i n  m ain ­
t a i n i n g  c e l l u l a r  i n t e g r i t y  i n  a  m a r in e  i s o l a t e ,  C -A l ,a n d  A. 
m a r i n o p r a e s e n s . They d e te r m in e d  t h a t  Na and  Mg com p e ted  f o r  
t h e  same e l e c t r o s t a t i c  s i t e s  on t h e  c e l l  e n v e lo p e  w i t h  Na 
d i s p l a c i n g  Mg. They p r o p o s e d  t h a t  Mg h e l d  n e g a t i v e l y  c h a rg e d  
s u b u n i t s  o f  t h e  e n v e lo p e  t o g e t h e r  b y  d i v a l e n t  i o n i c  b r i d g e s .  
R r e t r e a t m e n t  w i t h  a s  l i t t l e  a s  0 .5  M NaCl r e s u l t e d  i n  ex ch an g e  
o f  Na f o r  Mg and  i n  t h e  d i s a p p e a r a n c e  o f  t h e  Mg b r i d g e s .  The 
m o n o v a le n t  n a t u r e  o f  Na c a u s e d  a  d e c r e a s e  i n  t h e  e l e c t r o s t a t i c  
i n t e r a c t i o n s  w i t h  com ponen ts  su c h  a s  a n i o n i c  g ro u p s  fo u n d  i n  
p h o s p h o r y l  h e a d  g ro u p s  o f  p h o s p h o l i p i d s  o r  c a r b o x y l  g ro u p s
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o f  p r o t e i n  s i d e  c h a i n s .  T h is  d e c r e a s e  i n  i n t e r a c t i o n s  l e d  t o  
a w eakened  c e l l  e n v e lo p e  w i th  s u b s e q u e n t  r e l e a s e  o f  UV- 
a b s o r b i n g  m a t e r i a l  ( F o r s b e r g  a t  a l .  , 1970a)* A s i m i l a r  r o l e  
f o r  Mg h a s  b e e n  p o s t u l a t e d  f o r  EDTA-induced c y t o l y s i s  o f  P .  
a e r u g i n o s a  ( A s b e l l  and  E agon , 1966; E agon , 1 9 6 9 ) .  Soo-Hoo 
and  Brown (1 9 6 7 )  s u g g e s t e d  b r i d g i n g  b y  Mg i n  t h e  e n v lo p e s  
o f  h a l o b a c t e r i a  sp .  a s  a  m echanism  t o  i n c r e a s e  c e l l  e n v e lo p e  
i n t e g r i t y .  I n  P . h a l o d u r a n s , t h e  p r e s e n c e  o f  s u p p le m e n ta l  
Na r e p l a c i n g  Mg i n  t h e  c e l l  e n v e lo p e  may i n c r e a s e  p e r m e a b i l i t y  
t o  1^0  w h i l e  a l l o w in g  U V -ab so rb in g  m a t e r i a l  t o  e s c a p e .  The 
i n c r e a s e  i n  U Y -ab so rb in g  m a t e r i a l  a s  medium NaCl c o n c e n t r a t i o n  
i n c r e a s e d ,  may a l s o  h e l p  e x p l a i n  t h e  r e d u c e d  g ro w th  o f  P .  
h a lo d u r a n s  a t  i n c r e a s e d  i o n i c  c o n c e n t r a t i o n s  o f  m o d i f i e d  2216E 
medium.
A l th o u g h  s u p p le m e n ta l  NaCl a l t e r e d  t h e  p e r m e a b i l i t y  
o f  t h e  c e l l  membrane a n d / o r  c e l l  w a l l  o f  P .  h a l o d u r a n s , NaCl 
c o n c e n t r a t i o n s  o f  2 . 0  and  3 .7 5  M d i d  n o t  a l t e r  t h e  q u a l i t a t i v e  
and  q u a n t i t a t i v e  c h e m ic a l  c o m p o s i t io n  o f  t h e  c e l l  e n v e lo p e .
The p re d o m in a n t  c h e m ic a l  c o n s t i t u e n t s  on a  d r y  w e ig h t  b a s i s  
w ere  p r o t e i n  (73  %) ■> c a r b o h y d r a t e  (21  % ), and t o t a l  l i p i d  
(6  %) r e g a r d l e s s  o f  t h e  medium NaCl c o n c e n t r a t i o n  (T a b le  35) • 
R e d u c in g  s u b s ta n c e  and  hex o sam in e  w ere  b o th  l e s s  t h a n  2 %.
The m ost a b u n d a n t  amino a c i d s  w ere  a s p a r t i c  a c i d ,  a l a n i n e ,  
g l y c i n e ,  an d  l e u c i n e  ( T a b le  36) . mQs t  a b u n d a n t  p h o sp h o ­
l i p i d  was p h o s p h a t i d y l - e t h a n o l a m i n e  ( E i g .  2 8 ) .  Sud and T y l e r  
(1 9 6 4 )  exam ined  t h r e e  u n i d e n t i f i e d  pseudom onad s p .  and  f o u n d  
p r o t e i n ,  c a r b o h y d r a t e ,  and  t o t a l  l i p i d  a s  t h e  m a jo r  c e l l  w a l l
c o n s t i t u e n t s  w i t h  l e s s  t h a n  2 % r e d u c i n g  s u b s t a n c e  and  h e x o -  
s a m in e .  The q u a l i t a t i v e  and q u a n t i t a t i v e  c o m p o s i t i o n s  o f  t h e  
c e l l  e n v e lo p e s  o f  A. m a r i n o p r a e s e n s  and two u n i d e n t i f i e d  
m a r in e  b a c t e r i a  w ere  s i m i l a r  t o  P .  h a lo d u r a n s  ( F o r s b e r g  a t  a l_ . , 
1972; Devoe and  O g in sk y ,  1 9 6 9 b ) .  The r e d u c e d  h ex o sam in e  
c o n te n t  r e s u l t e d  i n  a l e s s  r i g i d  c e l l  w a l l  m u c o p e p t id e  t h a t  
c o u ld  b e  a  s e l e c t i v e  a d v a n ta g e  t o  o s m o t i c a l l y  s e n s i t i v e  m a r in e  
b a c t e r i a  (Brown, I 9 6 0 ) .
T r a n s m is s io n  e l e c t r o n  m ic ro s c o p y  i n d i c a t e d  no p h y s i c a l  
N a C l- in d u c e d  w e ak e n in g  o f  t h e  c e l l  e n v e lo p e  o f  P .  h a lo d u r a n s  
( F i g s .  29 and  3 0 ) .  The a p p e a ra n c e  o f  t h e  c e l l  e n v e lo p e  
re s e m b le d  t h e  t y p i c a l  g r a m - n e g a t iv e  c e l l  e n v e lo p e  o f  o t h e r  
m a r in e  b a c t e r i a  ( C o s t e r t o n  e t  a l . , 197^; F o r s b e r g  e t  a l . ,
1972; F o r s b e r g  e t  a l . , 1970 a ,  b ;  Devoe and  O g in sk y , 1 9 6 9 a ) .
B rock  (1969 )  s u g g e s te d  a  number o f  ways i n  w h ich  an  
o rg a n ism  c a n  a d a p t  t o  o r  t o l e r a t e  an  e n v i r o n m e n ta l  s t r e s s .
One way was t o  l i v e  w i t h  t h e  s t r e s s  f a c t o r .  T h is  s i t u a t i o n  
may i n  t im e  p ro d u c e  a n  o rg an ism  d e p e n d e n t  upo n  t h e  f a c t o r  f o r  
i t s  s u r v i v a l .  P .  h a l o d u r a n s  t o l e r a t e d  s u p p le m e n ta l  N aCl, i n  
p a r t ,  b y  a c c u m u la t in g  i n t r a c e l l u l a r  Na and  K i n  p r o p o r t i o n  t o  
medium NaCl c o n c e n t r a t i o n s .  T h u s ,  many enzym es may b e  ex posed  
t o  t h e  i n c r e a s e d  i n t r a c e l l u l a r  i o n i c  s t r e n g t h s .  However, i f  
a  h i g h  p e r c e n t a g e  o f  t h e  i n t r a c e l l u l a r  Na and  K e x i s t e d  i n  a 
bound , r a t h e r  t h a n  f r e e  s t a t e ,  s p e c i f i c  i o n i c - i n d u c e d  i n h i b i t i o n  
o f  e n z y m a tic  a c t i v i t y  may p l a y  a  s m a l l  p a r t  i n  e x p l a i n i n g  
r e d u c e d  g ro w th  and g ro w th  r a t e s  a t  s u p p le m e n ta l  N aCl. However, 
b o th  bound  and f r e e  Na and K may c o n t r i b u t e  t o  an  i n c r e a s e  i n
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t h e  i n t e r n a l  o s m o t ic  p r e s s u r e  o f  P .  h a l o d u r a n s  w h ic h  may 
i n h i b i t  e n z y m a tic  a c t i v i t y  by  i n h i b i t i n g  o s m o t i c a l l y - s e n s i t i v e  
enzym es.
P .  h a l o d u r a n s  i s  a m ar in e  b a c t e r i u m  u n iq u e  i n  
t o l e r a n c e  t o  s u p p le m e n ta l  NaCl g r e a t e r  t h a n  1 2 - f o l d  t h a t  o f  
t h e  e s t u a r y .  Why w as t h e  o rg an ism  so  h a l o t o l e r a n t  when t h e  
e s t u a r i n e  b a c t e r i a l  p o p u l a t i o n  a s  a  w ho le  was s t e n o h a l i n e  t o  
NaCl? The d a t a  f ro m  t h i s  d i s s e r t a t i o n  i n d i c a t e d  m u l t i p l e  
a n s w e r s .  F i r s t l y ,  t h e  a b i l i t y  o f  s p e c i f i c  r e s p i r a t o r y  enzym es, 
t h e  d e h y d r o g e n a s e s ,  t o  f u n c t i o n  a t  s u p p le m e n ta l  N aC l. S e c o n d ly ,  
t h e  h a l o t o l e r a n c e  o f  a t  l e a s t  one r e g u l a t o r y  enzyme, ACTase, 
t o  3-4-5 M NaCl. T h i r d l y ,  t h e  a c t i v e  a c c u m u la t io n  o f  K, 
a l t h o u g h  t h e  e x a c t  r e l a t i o n  b e tw e e n  h a l o t o l e r a n c e  and  i n t r a ­
c e l l u l a r  K c o n t e n t  h a s  re m a in e d  o b s c u r e .  F o u r t h l y ,  t h e  
d i l u t i o n  o f  t h e  i n t r a c e l l u l a r  e l e v a t e d  i o n i c  c o n c e n t r a t i o n  by  
i n t r a c e l l u l a r  f l u i d  u p t a k e  was o b s e r v e d .  F i f t h l y ,  t h e  a b i l i t y  
o f  t h e  r i g i d  p e p t i d o g l y c a n  and f l e x i b l e  c e l l  membrane p r e v e n t e d  
c e l l u l a r  b u r s t i n g  due  t o  t h e  i n c r e a s e d  i n t e r n a l  o s m o t ic  
p r e s s u r e  c r e a t e d  b y  t h e  u p ta k e  o f  w a t e r  and i n t r a c e l l u l a r  Na 
and K. F i n a l l y ,  t h e  a b i l i t y  o f  t h e  e n z y m a t ic  m a c h in e ry  
in v o lv e d  i n  t h e  b i o s y n t h e s i s  o f  t h e  m a jo r  b io c h e m ic a l  
c o n s t i t u e n t s  a s  w e l l  a s  t h e  c h e m ic a l  c o m p o s i t io n  and  p h y s i c a l  
i n t e g r i t y  o f  t h e  c e l l  e n v e lo p e  r e s i s t e d  a l t e r a t i o n  b y  t h e  
i n c r e a s e  i n  t h e  i n t r a c e l l u l a r  i o n i c  s t r e n g t h  and  o s m o t ic  
p r e s s u r e  o f  t h e  c y to p la s m  o f  P .  h a l o d u r a n s . The t o l e r a n c e  of 
P . h a lo d u r a n s  t o  NaCl may be  due t o  one o r  more o f  t h e  a b o v e -  
m e n t io n e d  r e a s o n s .  More s t u d i e s  on  t h i s  and  o t h e r  h a l o t o l e r a n t
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" b a c te r i a  m u s t  be  c o n d u c te d  b e f o r e  an  u n d e r s t a n d i n g  o f  t h e  
e v o l u t i o n a r y  f o r c e s  t h a t  c r e a t e d  o b l i g a t e  h a l o p h i l i c  b a c t e r i a  
can  be  d e te r m in e d .
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TABLE 1
CFU/ml and p e r c e n t  CFU/ml o f  h i g h e s t  b a c t e r i a l  p o p u l a t i o n s  
w h ich  d e v e lo p e d  from  t h e  G re a t  Bay e s t u a r i n e  com plex  a t  20 C 
a f t e r  14 d a y s  i n c u b a t i o n  on m o d i f i e d  M acL eod 's  N a - d e f i c i e n t  
a g a r  medium c o n t a i n i n g  t o t a l  NaCl c o n c e n t r a t i o n s  r a n g i n g  from  
0 .0 0 0 2  t o  5 .2 0  M on 1 2 /2 4 /7 5  and  8 / 2 8 / 7 4 .
T o t a l  
NaCl, n CPU/ml
1 2 /2 4 /7 5
% o f  H ig h e s t  
CFU/ml CFU/ml
8 / 2 8 / 7 4
% o f  H ig h e s t  
CFU/ml
0 .0 0 0 2 855 22 867 22
0 .0 5 955 24 955 25
0 . 1 0 2717 70 2655 66
0 . 2 0 5720 96 5755 93
0 . 5 0 5720 96 4010 100
0 .4 0 5867 100 5667 91
0 . 5 0 5567 92 5520 88
1 . 0 0 1967 51 2067 52
1 .4 0 255 6 167 4
1 .6 5 55 1 57 1
1 .9 0 20 1 25 1
2 . 5 0 17 0 15 0
2 .8 0 5 0 5 0
5 . 2 0 0 0 0 0
W ater  Sam ple:
S a l i n i t y ,  p p t  2 0 .0  2 8 .5
T e m p e r a tu r e ,  C 2 .5  2 1 .5
pH 7 .2  7 -7
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TABLE 2
P e r c e n t  CFU/ml o f  b a c t e r i a  w h ic h  d e v e lo p e d  from t h e  G re a t  Bay 
e s t u a r i n e  com plex  a t  20 C a f t e r  14 d a y s  i n c u b a t i o n  on m o d i f i e d  
2216E a g a r  medium w i th  s u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  r a n g i n g  
f ro m  0 . 0 0  t o  3 . 0 5  M on d i f f e r e n t  s a m p l in g  d a t e s .
S u p p le m e n ta l  
N aC l, M
S am p lin g  D ate  
1 0 /2 9 /7 3  1 1 / 2 5 /7 3  1 2 /3 0 /7 3  1 /2 1 /7 4  2 / 2 0 / 7 4  4 / 3 0 / 7 4
CFU/ml=100% . 2767 2207 2440 2366 1827 2763
0 .0 0 100 100 100 100 100 100
0 .2 5 78 73 69 74 76 78
0 .4 5 61 63 67 66 67 62
0 .6 5 51 54 52 48 49 50
0 .8 5 27 30 26 30 23 26
1 .0 0 18 20 16 17 15 18
1 .2 5 6 6 5 7 7 8
1 .4 5 3 3 2 2 2 3
1 .6 5 1 1 1 2 1 1
1 .8 5 1 0 1 1 0 0
2 .2 5 0 0 0 0 0 0
2 .6 5 0 0 0 0 0 0
3 .0 5 0 0 0 0 0 0
W a te r  Sam ple:
S a l i n i t y ,  p p t 2 7 .0 2 7 . 0 2 6 .0 2 4 .0 2 2 . 0 1 9 .5
T e m p e r a tu r e ,  C 1 0 .5 6 . 5 5 .0 1 .5 0 .5 1 0 .5
pH 7 .6 7 . 3 7 . 4 7 .0 7 .5 7 . 7
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T a b le  2 (C o n t in u e d )
S a m p lin g  D a te
S u p p le ­










u /  - l v - V  / ,fcr
_ 3333. .
X  \ j f  x c . /  {  “ r
2623 2127
U L U  V -L V O . X  
2560
0 . 0 0 100 100 100 100 100 100 100
0 .2 5 81 77 79 77 73 78 76
0.4-5 64 66 70 65 65 67 65
0 .6 5 53 58 51 51 56 57 53
0 .8 5 29 29 30 22 20 22 26
1 . 0 0 21 24 20 19 22 20 19
1 .2 5 7 7 7 8 7 7 7
1.4-5 3 2 3 2 3 3 3
1 .6 5 2 1 2 1 1 2 1
1 .8 5 1 1 1 0 0 1 0 .5
2 .2 5 0 0 0 0 0 0 0
2 .6 5 0 0 0 0 0 0 0
3 .0 5 0 0 0 0 0 0 0
W ater  Sam ple :
S a l i n i t y ,
p p t  2 3 .0 2 5 .5 2 7 .0 2 8 .5 2 6 .0 2 3 .5
T em pera­
t u r e ,  C 1 1 .0 1 7 .5 2 2 .0 2 0 . 0 1 0 .5 9 . 0
pH 6 . 8 7 .9 7 .7 7 . 8 7 . 5 7 . 5
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TABLE 3
P ig m e n te d  and n o n p ig m e n te d  CPU/ml and p e r c e n t  p ig m e n te d  
CPU/ml o f  " b a c t e r i a  w hich  d e v e lo p e d  fro m  t h e  G r e a t  Bay 
e s t u a r i n e  com p lex  a t  20 C a f t e r  14 d a y s  i n c u b a t i o n  on 
m o d i f i e d  2216E a g a r  medium w i t h  su p p le m e n te d  NaCl 
c o n c e n t r a t i o n s  r a n g i n g  from  0 . 0 0  t o  3 . 0 5  M .l
S u p p le m e n ta l  
N aCl, M




% o f  
P ig m e n te d /  
N onpigm ented  
C o lo n ie s
0 .0 0 2560 650 1910 54
0 .2 5 1907 439 1468 50
0 .4 5 1754 551 1405 25
0 . 6 5 1408 260 1148 25
LT\
COc 845 85 760 11
1 . 0 0 614 21 595 4
1 .2 5 146 4 142 5
1 .4 5 69 1 68 1
1 .6 5 25 0 25 0
1 .8 5 18 0 18 0
2 .2 5 7 0 7 0
2 .6 5 4 0 4 0
5 .0 5 0 0 0 0
D a ta  b a s e d  u p o n  th e  mean o f  p l a t e s  e n u m e ra te d  i n  T a b le  2 .
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TABLE 4
P e r c e n t  CFU/ml o f  b a c t e r i a  w h ic h  d e v e lo p e d  from  t h e  G re a t  Bay 
e s t u a r i n e  com plex  a t  20 G a f t e r  14 d a y s  i n c u b a t i o n  on m o d i f i e d  
2216E a g a r  medium w i t h  s u p p le m e n ta l  s a l t  c o n c e n t r a t i o n s  
r a n g in g  f ro m  0 .0 0  t o  5 .2 5  M on  5 /1 2 /7 4 .
S a l t
S u p p le m e n ta l
S a l t ,  H NaNO^ NagSO^ KNO^ KOI MgSO^ OaSO^ L iC l
0 . 0 0 100 100 100 100 100 100 100
0 . 5 0 72 84 69 72 70 74 69
0 . 5 0 59 72 50 51 47 48 42
0 .8 0 52 60 55 45 50 28 29
1 . 0 0 14 50 15 50 18 18 14
1 .4 0 2 56 5 19 10 9 1
1 .8 0 1 22 0 10 5 4 0
2 . 1 0 0 18 0 5 5 2 0
2 . 5 0 0 8 0 1 l 1 0
2 .7 5 0 1 0 0 0 0 0
5 .2 5 0 0 0 0 0 0 0
W ater  Sam ple :
S a l i n i t y  2 1 .5
T e m p e ra tu re ,  G 2 .5
pH 7 .5
CPU/ml a s  100 % was 2755 .
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TABLE 5
P e r c e n t  CPU/ml o f  " b a c te r ia  w h ic h  d e v e lo p e d  from  t h e  G re a t  Bay 
e s t u a r i n e  com plex  a t  20 C a f t e r  14 d a y s  i n c u b a t i o n  on m o d i f i e d  
2216E a g a r  medium w i t h  s u p p le m e n ta l  s a l t  c o n c e n t r a t i o n s  
r a n g i n g  from  0 .0 0  t o  3 .2 5  M on 8 / 2 1 / 7 4 .
S a l t
S u p p le m e n ta l
S a l t ,  M NaNOg NagSO^ KNO  ^ KOI MgSO^ CaSO^ L iC l
0 .0 0 100 100 100 100 100 100 100
0 .3 0 68 80 61 71 72 69 55
0 . 5 0 55 64 41 44 46 48 42
0 .8 0 34 48 29 29 31 30 24
1 .0 0 13 43 12 16 20 19 11
1 .4 0 3 31 3 9 11 10 3
1 .8 0 0 21 1 8 9 8 1
2 .1 0 0 15 0 2 4 3 0
2 . 5 0 0 8 0 1 1 2 0
2 .7 5 0 1 0 0 0 0 0
3 .2 5 0 0 0 0 0 0 0
W ater  Sam ple:
S a l i n i t y ,  p p t  2 9 .5
T e m p e ra tu re ,  C 2 1 .0
pH 7 -7
CPU/ml a s  100 % was 2467 .
TABLE 6
D e te r m in a t io n  o f  m o la r  p e r c e n t  g u a n in e  p l u s  c y t o s i n e  "by "buoyant d e n s i t y  and  
th e r m a l  m e l t i n g  (Tm) o f  DNA e x t r a c t e d  from  c e l l s  o f  a  h a l o t o l e r a n t  e s t u a r i n e  
b a c t e r iu m  ( C - l )  i s o l a t e d  from  t h e  G re a t  Bay e s t u a r i n e  com plex  grown a t  20  C 
and 200 rpm i n  m o d i f i e d  2216E medium w i t h  s u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  
r a n g in g  from  0 .0  t o  3.4-5 M.
S u p p le m e n ta l  
N aCl, M
D e n s i t y ,
- 3g cm % GC Tm C % GC
0 .0 1 .7 2 2 + 0 .0 0 2 6 3 .2 7 + 0 .0 1 7 5 .5 ■f 0 .5 6 3 .9  0 + 0 .9 2
1 .7 0 1 .7 2 2 + 0 .0 0 3 6 3 .2 7 + 0 .0 1 7 5 .0 + 0 .6 6 2 .9 0 + 1 .2 1
2 .6 0 1 .7 2 2 + 0 .0 0 5 6 3 .2 7 + 0 .0 1 7 5 -2 + 0 .6 6 3 .1 1 + 0.94-
3.4-5 1 .7 2 2 + 0.004- 6 3 .2 7 + 0 .0 1 7 5 .0 0.4- 6 2 .8 0 + 1 .0 1
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TABLE 7
DNA-DNA h y b r i d i z a t i o n  s t u d i e s  f o r  h a l o t o l e r a n t  i s o l a t e  ( C - l ) ,  i s o l a t e d  from  th e  G re a t  Bay 
e s t u a r i n e  com plex  grow n a t  20 C and  200 rpm t o  l a t e  lo g a r i th m ic  p h a se  i n  (A) m o d if ie d  
2216E medium and  (B) m o d if ie d  2216E medium su p p le m e n te d  w i th  2 .6 0  M N aC l.
S o u rc e  o f  
U n la b e l le d  DNA
U n la b e l le d
DNA, 32
S o u rc e  
P -D M ,
PPM (X105 ) 
R e ta in e d  
On F i l t e r
%
H y b rid ­
i z a t i o n
% 52 P -DNA 
R e ta in e d  On 
F i l t e r  i n  
A bsence  o f  
U n la b e l le d  DNA
(A) (B) (A) (B )1 (A) (B)
A 1 2 0 .4 4 0 .8 3 .5 3 .1 1 0 0 .0 8 8 .5 0 .2
3 2 0 .4 4 0 .8 4 .4 4 .0 1 0 0 .0 9 0 .9 0 .7
10 2 0 .4 4 0 .8 5 -3 4 .9 1 0 0 .0 9 2 .5 0 .6
20 2 0 .4 4 0 .8 6 .8 6 .2 1 0 0 .0 9 1 .2 0 .5
B 1 2 0 .4 4 0 .8 3 .0 2 .7 9 0 . 0 1 0 0 .0 0 .8
5 2 0 .4 4 0 .8 4 .1 3 .6 8 7 .8 1 0 0 .0 0 .5
10 2 0 .4 4 0 .8 4 .8 4 .4 9 1 .7 1 0 0 .0 0 .6
20 2 0 .4 4 0 .8 5 .9 5 -2 8 8 .1 1 0 0 .0 0 .5
Pseudom onas s o .  B -16 10 2 0 .4 4 0 .8 3 .3 3 .1 6 2 .5 6 4 .3
(A . m a r in o p ra e s e n s )
20 2 0 .4 4 0 .8 4 .6 3 .8 6 7 .8 6 5 .1
B. s u b t i l i s  Phage 41 C 10 2 0 .4 4 0 .8 0 .0 4 0 .0 3 0 .7 5 0 .6 3 -
20 2 0 .4 4 0 .8 0 .0 7 0 .0 6 1 .0 0 1 .0 1 -
"32‘V a lu e s  c o r r e c t e d  f o r P -DNA c o n c e n t r a t i o n  d i f f e r e n c e s .
TABLE 8
O p t ic a l  d e n s i t y  o f  P .  h a lo d u ra n s  grow n a t  20 C and  200 rpm f o r  4-8 h  i n  m o d if ie d  2216E medium 
a s  a  f u n c t i o n  o f  s a l i n i t y .
S a l i n i t y




18 21 24 36 48
0 .0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
3 -5 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
7 .0 0 .0 0 0 .0 0 0 .0 0 0 .0 2 0 .0 5 0 .2 6 0 .3 8 0 .7 3 0 .8 9 0 .8 5
14-. 0 0 .0 1 0 .0 3 0 .1 1 0 .4 7 0 .8 5 1 .3 3 1 .2 9 1 .2 6 1 .1 9 0 .9 7
2 1 .0 0 .0 3 0 .2 9 0 .4 8 1 .4 0 1 .5 7 1 .5 4 1 .5 0 1 .3 3 1 .2 1 1 .0 9
2 8 .0 0 .0 4 0 .3 5 0 .5 1 1 .5 2 1 .6 5 1 .6 3 1 .5 8 1 .4 1 1 .3 2 1 .1 5
3 5 .0 0 .0 3 0 .1 8 0 .2 7 0 .7 5 1 .0 6 1 .2 3 1 .1 4 1 .0 0 0 .9 2 0 .8 5
105 0 .0 1 0 .1 3 0 .2 2 0 .6 3 0 .9 8 1 .0 5 1 .0 6 1 .0 2 1 .0 0 0 .9 6
175 0 .0 0 0 .0 2 0 .1 1 0 .2 0 0 .5 3 0 .6 1 0 .7 0 0 .7 6 0 . 7 2 0 .6 0
24-5 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0




O p t ic a l  d e n s i t y  o f  P .  h a lo d u r a n s  grow n a t  2 0  C and 2 00  
rpm f o r  96 h  i n  g lu c o s e  s e a w a te r  medium from  w h ich  N aCl 
was d e l e t e d  from  s y n t h e t i c  s e a w a te r  and  o sm o tic  p r e s s u r e  
a d ju s te d  w i th  1 .0 9 7  M g l y c e r o l  a s  r e q u i r e d .
T im e, h
N aC l, mM 24 48 72 _36
0 .0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
10 0 .0 0 0 .0 3 0 .0 5 0 .0 4
29 0 .1 8 0 .2 7 0 .3 8 0 .3 5
50 0 .5 9 0 .5 2 0 .5 5 0 .4 8
75 0 .6 5 0 .7 7 0 . 7 1 0 .6 2
100 1 .5 3 1 .5 0 1 .4 3 1 .2 1
200 1 .5 8 1 .5 3 1 .3 8 1 .1 5
500 1 .6 5 1 .4 9 1 .4 1 0 .9 9
400 1 .6 5 1 .5 3 1 .4 5 1 .0 0
500 1 .6 2 1 .5 1 1 .3 9 0 .9 2
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TABLE 1 0
V is u a l  t u r b i d i t y  o f  P . h a lo d u r a n s  grown a t  2 0  C and 200 rpm 
f o r  24  h  i n  g lu c o s e  s e a w a te r  medium from  w h ic h  s p e c i f i c  s a l t  
c o n c e n t r a t i o n s  w ere  d e l e t e d  fro m  s y n t h e t i c  s e a w a te r  and  
o s m o tic  p r e s s u r e  a d ju s t e d  w i th  1 .0 9 7  M g l y c e r o l  as r e q u i r e d .
T re a tm e n t ,  
. £
S a l t  D e le t io n  From 
S e a w a te r
mM o f  Io n s  
i n  G lu c o se  
S e a w a te r  Medium T u r b i d i t y
1 No Na s a l t s 0 .0 0  Na -
2 NaCl 43 -
3 NaF, NaHCOj, Na2S0^ 310 +++
4 NaF, NaHCOj, 279 mM 
N aC l, 19 mM N a ^ O ^ 35 +
5 NaF, NaHCO^, 249 mM 
N aC l, 17 mM Na2S04 69 ++
6 NaP, NaHCO^, 218 mM 
N aC l, 1 4 .5  mM Na2 SO^ 104 +++
7 N aP, NaHCO^, 187 mM 
N aC l, 13 mM NagSO^ 138 +++
8 Na2 S0^ 312 +++
9 MgCl2 0 .0 0  Mg -
10 35 mM MgCl2 4 .0 -
11 31 mM MgCl2 8 .0 +
12 2 3 -5  mM MgCl2 16 ++
13 C a d 2 0 .0 0  Ca -
14 6 .0  mM CaCl2 1 -5 -
15 4 .0  mM CaCl2 3 .0 +
( C o n tin u e d )
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T a b le  10 (C on tinued .)
T r e a tm e n t , 
#
S a l t  D e l e t i o n  From 
S e a w a te r
mM o f  Io n s  
i n  G lu c o se  
S e a w a te r  Medium T u r b id i t y
16 KC1 0 .6 0  K -
17 S rC l2 0 .0 0  S r +++
18 H-.B0,3 3 0 .0 0  H,BOz 3 3 +++
19 Nag SQj, , NaHOO^, NaF, 
S rC l2 , H^BO^, KBr
7 .0  K,
39 Mg
7 .0  Ca, 
310 Na
+++
20 K c l , KBr, S r C l2 , 
H^BO-z3 3
39 Mg,




O p t ic a l  d e n s i t y  o f  P . h a lo d u ra n s  grow n a t  20 C and 200 rpm f o r  72 h  i n  g lu c o s e  
s e a w a te r  medium fro m  w hich  NaCl and EC1 w ere  d e l e t e d  from  s y n t h e t i c  s e a w a te r  and  
o sm o tic  p r e s s u r e  a d ju s te d  w i th  1 .0 9 7  M g l y c e r o l  a s  r e q u i r e d .  NaCl was i n c r e a s e d  
from  0 .0  t o  500 mM a s  KC1 was in c r e a s e d  from  0 .0  t o  100 mM.
Tim e, h
24 4 8  72
KC1, mM
N aC l, mM_______ 0 .0  10 100 0 .0  10 100_______ 0 .0  10 100
0 .0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
10 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 4 0 .0 6 0 .0 0 0 .0 3 0 .0 4
25 0 .0 0 0 .1 5 0 .1 4 0 .0 0 0 .2 3 0 .2 5 0 .0 0 0 .3 1 0 .3 2
50 0 .0 0 0 .4 2 0 .4 3 0 .0 0 0 .5 5 0 .5 3 0 .0 0 0 .5 9 0 .5 8
100 0 .0 0 1 .5 1 1 .5 0 0 .0 0 1 .5 2 1 .5 5 0 .0 0 1 .3 8 1 .3 5
200 0 .0 0 1 .5 5 1 . 5 0 0 .0 0 1 .5 0 1 .5 8 0 .0 0 1 .3 5 1 .3 6
300 0 .0 0 1 .6 5 1 .6 3 0 .0 0 1 .5 2 1 -5 4 0 .0 0 1 .4 0 1 .4 0
400 0 .0 0 1 .6 3 1 .6 5 0 .0 0 1 .5 4 1 .5 2 0 .0 0 1 .3 5 1 .3 7




O p t ic a l  d e n s i ty  o f  P .  h a lo d u ra n s  grow n a t  20 C and  200  rpm f o r  72 h  i n  g lu c o s e  
s e a w a te r  medium from  w hich  N ad i and KC1 w ere d e l e t e d  from  s y n t h e t i c  s e a w a te r  
and o sm o tic  p r e s s u r e  a d ju s te d  w i th  1 .0 9 7  M g l y c e r o l  a s  r e q u i r e d .  KOI was 
i n c r e a s e d  from  0 .0  t o  100 mM a s  NaCl was i n c r e a s e d  from  0 .0  t o  500 mM.
T im e, h
24 4-8 72
N aC l. mM
KC1, mM 0 . 0 50 200 500 0 . 0 50 200 500 0 . 0 50 200 ui o o
0 . 0 0 . 0 0 0 .0 0 0 . 0 0 0 .0 0 0 .0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0 . 0 0 0 . 0 0 0 .0 5 0 .0 5 0 . 0 0 0 . 0 0 0 . 1 0 0 .1 8 0 .0 0 0 .0 0 0 .0 5 0 .1 3
4 0 . 0 0 0 . 0 0 0 .0 5 0 .0 8 0 . 0 0 0 .0 7 0 .3 7 0 .3 5 0 . 0 0 0 . 0  3 0 .2 9 0 .2 6
6 0 . 0 0 0 .0 9 0 .7 3 0 .7 7 0 . 0 0 0 .2 1
00•o 1 .0 3 0 . 0 0 0 .2 5 0 .9 6 0 .9 7
8 0 . 0 0 0 .2 8 1 .4 5 1 .4 6 0 .0 0 0 . 3 6 1 .4 0 1 .4 6 0 . 0 0 0 .3 8 1 .2 3 1 .3 1
10 0 .0 0 0 .5 3 1 .5 8 1 .6 0 0 . 0 0 0 .6 7 1 .5 3 1 . 5 8 0 . 0 0 0 .6 5 1 .4 2 1 .4 0
50 0 .0 0 0 .6 5 1 .5 5 1 .5 6 0 . 0 0 0 .7 3 1 .5 1 1 .4 9 0 . 0 0 0 .7 5 1 .4 4 1 .4 5
90 0 . 0 0 0 .5 9 1 .5 7 1 .5 3 0 . 0 0 0 .6 4 1 . 5 0 1 -5 1 0 . 0 0 0 .6 9 1 .3 9 1 .3 7
100 0 .0 0 0 .6 1 1 .5 4 1 .5 4 0 . 0 0 0 . 6 8 1 .5 2 1 .4 8 0 . 0 0 0 .7 3 1 .4 0 1 . 3 6
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TABLE 13
O p t ic a l  d e n s i t y  o f  P . h a lo d u r a n s  grow n a t  20 C and 200 rpm f o r  72 h  i n  
g lu c o s e  s e a w a te r  mecTium fro m  w hich  MgClp and  CaClp w ere  d e l e t e d  from  
s y n t h e t i c  s e a w a te r  and  o sm o tic  p r e s s u r e  a d ju s te d  w i th  1 .0 9 7  M g l y c e r o l  
a s  r e q u i r e d .  MgClp was i n c r e a s e d  from  0 .0  t o  100 mM a s  CaClp was 
i n c r e a s e d  from  0 .0  t o  100 mM.
T im e, h
24  48  2 1
C aC lp , mM
MgCl2 , mM 0 .0 10 100 0 .0 10 100 0 .0 10 100
0 .0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
1 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
10 0 .0 0 0 .2 5 0 .2 9 0 .0 0 0 .6 8 0 .7 1 0 .0 0 0 .6 9 0 .7 2
25 0 .0 0 0 .7 8 0 .7 4 0 .0 0 1 .2 1 1 .2 6 0 .0 0 1 .1 8 1 .2 2
50 0 .0 0 1 .6 3 1 .6 1 0 .0 0 1 .6 0 1 .5 8 0 .0 0 1 .5 1 1 .5 5
100 0 .0 0 1 .5 9 1 .5 7 0 .0 0 1 .5 5 1 .5 2 0 .0 0 1 .5 0 1 .4 7
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TABLE 14
O p t ic a l  d e n s i t y  o f  P . h a lo d u r a n s  grown a t  20 C and  200 rpm f o r  72 h  i n  
g lu c o s e  s e a w a te r  meclium from  w h ich  MgClp and CaClp w ere  d e l e t e d  from  
s y n t h e t i c  s e a w a te r  and o sm o tic  p r e s s u r e  a d ju s te d  w i th  1 .0 9 7  M g l y c e r o l  
a s  r e q u i r e d .  CaClp was i n c r e a s e d  from  0 .0  t o  50 mil a s  MgClp was 
i n c r e a s e d  from  0 .0  t o  100 mM.
T im e, h
24 48  £ 2
MgClp, mM
C aC lp> mM 0 .0 50 100 0 .0 50 100 0 .0 50 100
0 .0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
1 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 5 0 .0 6 0 .0 0 0 .0  3 0 .0 3
3 0 .0 0 0 .0 5 0 .0 9 0 .0 0 0 .1 8 0 .1 7 0 .0 0 0 .1 1 0 .1 2
5 0 .0 0 0 .5 5 0 .5 2 0 .0 0 0 .6 3 0 .6 6 0 .0 0 0 .5 8 0 .5 9
10 0 .0 0 1 .6 0 1 .6 1 0 .0 0 1 .5 8 1 .5 6 0 .0 0 1 .5 2 1 .4 9
25 0 .0 0 1 .5 5 1 .5 1 0 .0 0 1 .5 0 1 .5 1 0 .0 0 1 .4 8 1 .4 5
50 0 .0 0 1 .5 7 1 .5 3 0 .0 0 1 .5 2 1 .4 9 0 .0 0 1 .4 7 1 .4 4
CTi
TABLE 15
O p t ic a l  d e n s i ty  o f  P .  h a lo d u ra n s  grow n a t  20 C and  200 rpm f o r  72 h  i n  
g lu c o s e  s e a w a te r  mecTium. i n  w h ich  t h e  a n io n  c o n c e n t r a t i o n s  w ere  a l l  C l, 
B r , o r  SO^, r e s p e c t i v e l y .
T im e, h
C l B r SO,
A nion
kdded , mM 24 48 _JZ2 24 48
O
J
[>- 24 48 72
0 .0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
1 0 .0 2 0 .1 5 0 .3 6 0 .0 3 0 .1 1 0 .3 2 0 .0 5 0 .1 4 0 .3 9
10 0 .2 8 0 .5 1 0 .4 9 0 .2 5 0 .5 3 0 .5 2 0 .2 6 0 .4 9 0 .3 9
50 0 .5 8 0 .6 7 0 .6 3 0 .5 1 0 .6 2 0 .6 6 0 . 5 0 0 .6 3 0 .4 8
100 0 .9 9 0 .8 8 0 .8 4 1 .0 0 0 .7 9 0 .8 1 0 .9 7 0 .8 2 0 .7 3
200 I—1 l—1 tI—1 1 .0 0 0 .9 3 1 .0 5 0 .9 8 0 .9 2 1 .0 2 1 .0 0 0 .8 8
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TABLE 1 6
CEU/ml, d i r e c t  c e l l  c o u n t /m l,  o p t i c a l  d e n s i t y ,  and d ry  w e ig h t  o f  P . h a lo d u r a n s  grown
a t  2 0  C and 2 0 0  rpm f o r  72 h  i n  m o d if ie d  2216E medium w it h  su p p le m e n ta l I'TaCl
c o n c e n t r a t io n s  r a n g in g  from  0 .0  t o  2 .6 0  M.
S u p p le m e n ta l N aC l. M 





D i r e c t  
C o u n t/m l, 
X 10s
O p t ic a l
D e n s i ty
D ry 




D i r e c t  
C o u n t/m l, 
X 108
O p t ic a l




3 0 .4 2 0 .4 7 0 .0 5 0 .0 2 4 - - -
4 .5 2 .8 2 3 .2 9 0 .2 5 0 .2 5 1 1 .1 8 1 .3 2 0 .1 5 0 .0 7 6
6 1 0 .0 1 1 .8 0 .5 5 1 .1 2 2 .0 6 2 .4 8 0 .1 9 0 .1 5 1
9 5 6 .1 6 2 .5 1 .0 0 6 .4 7 2 7 . 2 2 8 .1 0 .6 8 1 .6 8
12 1 0 2 .0 1 0 5 .0 1 .5 1 1 2 .9 5 6 8 .1 7 2 .4 1 .2 0 8 .9 1
15 1 1 3 .0 1 1 9 .0 1 .6 5 1 3 .3 7 1 0 2 .0 1 0 4 .0 1 .5 5 1 5 .0 5
18 1 1 8 .0 1 2 9 .0 1 .6 5 1 3 .6 6 1 0 6 .0 1 0 9 .0 1 .6 5 1 5 .2 2
(C o n tin u e d )
TABLE 16 ( c o n t in u e d )
S u p p le m e n ta l N aC l, M
1 . 7 0  2 .6 0
D i r e c t  D ry  D i r e c t  D ry
Tim e, CFU/ml, C o u n t/m l, O p t ic a l  W e ig h t, CFU/ml, C o u n t/m l, O p t ic a l  W e ig h t,
h _______X 10° X 10° D e n s i ty  m g/ml X 108______X 108 D e n s i ty  mg/ml
10 0 .8 9 1 .0 0 0 .1 4 0 .1 0 0 - - - -
12 2 .2 2 2.4-8 0 .2 3 0 .3 7 6 0 .2 4 0 .3 1 0 .0 4 0 .0 6 0
16 9 .0 2 9 .6 2 0 . 5 0 1 .9 2 0 .6 9 0 .7 8 0 .1 6 0 .1 5 5
20 5 8 .9 4-2.5 0 .7 9 7 -7 3 2 .1 1 2 .5 1 0 .2 8 0 .5 2 7
24 5 1 .5 5 2 .7 1 .0 5 9 .0 6 5.84- 6 .2 5 0.4-2 1 .6 3
56 5 9 .5 6 1 .6 1 .2 0 10.4-8 1 6 .9 1 7 .7 0 .6 3 4 .2 1
4-8 6 2 .2 6 3 .0 1 .1 8 1 1 .6 5 2 0 .4 2 1 .0 0 .8 7 7 .2 4




S p e c i f i c  grow th  r a t e ,  l a g  p h a s e ,  and maximum o p t i c a l  d e n s i t y  o f  P . h a lo d u r a n s  grown a t
20 C and 2 0 0  rpm i n  m o d if ie d  2216E medium and g lu c o s e  s e a w a te r  medium b o th  w ith
su p p le m e n ta l NaCl c o n c e n t r a t io n s  r a n g in g  from  0 .0  t o  4 .3 0  M.
M o d if ie d  2216E Medium G lu c o se  S e a w a te r  Medium
S p e c i f i c  Maximum S p e c i f i c  Maximum
S u p p le m e n ta l G row th B a te ,  Lag P h a s e , O p t i c a l  G row th B a te ,  Lag P h a s e , O p t ic a l
N aC l, M G e n e r a t io n /h _______ h  D e n s i ty  G e n e r a t io n /h  h  D e n s i ty
0 .0 0 .3 2 5 + 0 .0 4 3 .0 + 0 .5 1 .6 5
+ 0 . 0 5 0 .3 2 1 + 0 .0 4 3 .0 + 0 .5 1 .6 5 + 0 . 0 5
0 .9 0 0 .3 2 0 + 0 .0 4 4 .5 + 0 .5 1 .6 5
+ 0 .0 6 0 .3 1 9
+ 0 .0 3 4 .5 + 0 .5 1 .6 5
+ 0 . 0 5
1 .7 0 0 .2 5 7 + 0 .0 2 9 .5 + 0 .5 1 .2 2
+ 0 .0 3 0 .2 5 9 + 0 .0 2 10 + 1 .0 1 .1 8 + 0 .0 4
2 .6 0 0 .1 3 1 + 0 .0 3 16 + 0 .9 0 .9 5
+ 0 .0 4 0 .1 2 8 + 0 .0 4 15
+ 1 .5 0 .9 4 + 0 .0 2
3 .4 5 0 .0 3 6 + 0 .0 0 3 58 + 1 .5 0 .3 8
+ 0 .0 3 0 .0 3 3 + o • o 61 + 2 .0 0 .3 7
+ 0 .0 2





S p e c i f i c  growth, r a t e ,  l a g  p h a se  , and maximum o p t i c a l  d e n s i t y  o f  P . h a lo d u r a n s  grow n a t
20 C and 200  rpm i n  m o d if ie d  2216E  medium w ith  su p p le m e n ta l g l y c e r o l  and s u c r o s e
c o n c e n t r a t io n s  r a n g in g  from  0 .0  t o  3*5  M.
G ly c e ro l   S u c ro se
S p e c i f i c  Maximum S p e c i f i c  Maximum
C o n c e n t r a t io n ,  G row th R a te ,  Lag P h a se  , O p t i c a l  G row th R a te ,  Lag P h a se  , O p t ic a l  
_______ M G e n e r a t io n /h  h  D e n s i ty  G e n e r a t io n /h ________ h  D e n s i ty
0 .0 0..321 + 0 .0 3 3 .0 + 0 .5 1 .5 5 + 0 .0 5 0 .3 2 2 + 0 .0 4 3 .5 + 0 .5 1 .6 0
+ 0 .0 5
1 .0 0..320 + 0 .0 4 3 .0 + 0 .5 1 .5 0 + 0 .0 4 0 .3 2 5 + 0 .0 4 3 .0 + 0 .5 1 .5 5 + 0 .0 4
1 .5 0.,322
+ 0 .0 2 3 .5 + 0 .5 1 .6 0 4- 0 .0 6 0 .3 2 1 + 0 .0 5 3 .5 + 0 .5 1 .6 0 + 0 .0 6
2 .0 0..321 + 0 .0 2 3 .5 + 0 .5 l .  55 + 0 .0 5 0 .3 1 8
+ 0 .0 5 3 .5 + 0 .5 1 .5 5
+ 0 .0 6
2 .5 0,.319
+ 0 .0 5 3 .0 + 0 .5 1 .6 0
+ 0 .0 3 0 .3 1 8 + 0 .0 3 3 .0 + 0 .5 1 .6 0 + 0 .0 5
3 .0 0.■ 325 + 0 .0 4 3 .0 + 0 .5 1 .6 5 + 0 .0 5 0 .3 2 2 + 0 .0 4 3 .5 + 0 .5 1.6.5 + 0 .0 4
3 .5 0.,324
+ 0 .0 5 3 .0 + 0 .5 1 .5 5 + 0 .0 6 0 .3 2 4




S p e c i f i c  g ro w th  r a t e ,  l a g  p h a se  , maximum o p t i c a l  d e n s i t y ,  and  c e l l  s i z e  o f  
P . h a lo d u r a n s  grow n a t  20 C an d  200 rpm i n  m o d if ie d  2216E medium w i th  su p p le m e n ta l  
s a l t  c o n c e n t r a t i o n s  r a n g in g  fro m  0 .0  t o  3 .4 5  M.
S a l t
Supp 1 em e n t  a l  
S a l t ,  M
S p e c i f i c  
G row th R a te ,  Lag P h a se  , 
G e n e r a t io n /h  h
Maximum 
O p t ic a l  D e n s i ty
C e l l  S i z e ,  
urn
RaNO^ 0 .0 0 0 .3 3 3 .0 1 .6 5 0 .7  X 1 .5
0 .9 0 0 .3 2 4 .0 1 .3 0 0 .7  X 1 .5
l . ? 0 0 .2 6 1 0 .5 0 .9 2 1 .2  X 3 .0
2 .6 0 0 .1 1 1 9 .5 0 .6 1 1 .5  X 3 .0
3 .4 5 0 0 0 0
Na2 S04  0 .0 0 0 .3 3 3 .0 1 .6 5 0 .7  X 1 .5
0 .9 0 0 .3 2 3 .0 1 .6 0 0 .7  X 1 .5
1 .7 0 0 .2 8 5 .5 1 .2 5 1 .0  X 2 .0
2 .6 0 0 .2 6 1 2 .5 0 .9 6 1 .5  x  2 .5
3 .4 5 0 .0 3 2 4 .0 0 .2 3 2 .0  X 4 .0
(C o n tin u e d )
T a b le  19 (C o n tin u e d )
S a lt
Supplemental 
S a lt ,  M
S p e c if ic  
Growth R ate, 
G eneration/h
Lag Phase , 
h
Maximum 
O ptical D ensity
C ell .S ize , 
Mm
KC1 0 .0 0 0 .3 3 3 .0 1 .6 5 0 .7  x  1 .5
0 .9 0 0 .3 2 4 .0 1 .5 0 0 .7  x  1 . 5
1 .7 0 0 .3 0 5 .0 1 .3 0 2 .0  X 3 .0
2 .6 0 0 .2 3 8 .0 1 .0 2 2 .0  X 3 .0
3 .^ 5 0 .1 9 1 6 .5 0 .8 6 2 .0  X 3 .0
KNCu3 0 .0 0 0 .3 3 3 .0 1 .6 5 0 .7  x  1 .5
0 .9 0 0 .3 1 4 .5 1 .2 0 0 .7  x  1 .5
1 .7 0 0 .1 3 6 .0 0 .9 5 1 .0  X 2 .0
2 .6 0 0 .0 5 1 5 .0 0 .4 3 1 .0  X 2 .0
3 .4 5 0 0 0 0
LiCl 0 .0 0 0 .3 3 3 .0 1 .6 5 0 .7  x  1 .5
0 .9 0 0 .1 5 5 .5 0 .8 1 0 .7  x  1 .5
1 .7 0 0 .0  3 1 5 .0 0 .2 0 0 .7  x  1 .5
( Continued)
T a b le  19 (C o n tin u e d )
S a l t
S u p p le m e n ta l 
S a l t ,  M
S p e c i f i c  
G row th R a te ,  
G e n e r a t io n /h
Lag P h a se  
h
Maximum 
O p t ic a l  D e n s i ty
C e l l  S iz e ,  
Mm
L iC l 2 .6 0 0 0 0 0
(C o n t . )
3 -4 5 0 0 0 0
KH^Cl 0 .0 0 0 .3 3 3 .0 1 .6 5 0 . 7  x  1 . 5
0 .9 0 0 .0 7 8 .0 0 .4 5 0 .7  x  1 .5
1 .7 0 0 .0 2 3 4 .5 0 .1 3 0 .7  x  1 .5
2 .6 0 0 0 0 0
3.4-5 0 0 0 0
MgCl2 0 .0 0 0 .3 3 3 .0 1 .6 5 0 .7  X 1 .5
0 .9 0 0 .3 2 4 .0 1 .5 5 0 . 7  X 1 . 5
1 .7 0 0 .2 5 6 .5
I—1 
i—1 •
i—1 1 . 0  X 2 . 0
2 .6 0 0 .0 8 1 7 .5 0 .5 3 1 .0  X 2 .0
3 .4 5 0 0 0 0
(C o n tin u e d )
<k
L\
T a b le  19 (C o n tin u e d )
S a l t
S u p p le m e n ta l 
S a l t ,  M
S p e c i f i c  
G row th R a te ,  Lag P h a se  , 
G e n e r a t io n /h  h
Maximum 
O p t ic a l  D e n s i ty
C e l l  S i z e ,  
nm
CaCl2 0 .0 0 0 .3 3 3 .0 1 .6 5 0 .7  X 1 .5
0 .9 0 0 .3 2 4 .0 1 .5 3 0 .7  X 1 .5
1 .7 0 0 .0 3 1 7 .0 0 .4 8 1 .0  X 2 .0
2 .6 0 0 .0 2 3 3 .0 0 .1 1 1 .0  X 2 .0
3 .^ 5 0 0 0 0
TABLE 2 0
S p e c i f i c  g ro w th  r a t e ,  l a g  p h a s e ,  and  maximum o p t i c a l  d e n s i t y  o f  P .  h a lo d u r a n s  grow n a t  20  C 
and  200 rpm i n  m o d if ie d  2216E medium and  su p p le m e n te d  w i th  3 .4 5  H N ad i and  s u b s e q u e n t ly  
grow n i n  m o d if ie d  2216E medium w i th  s u p p le m e n ta l  NaCl c o n c e n t r a t i o n s  r a n g in g  from  0 .0  to  
4 .3 0  M.
0 .3 0  N NaCl 3 .7 5  M NaCl
S u p p le m e n ta l 
N aC l, M
S p e c i f i c  
G row th R a te ,  Lag P h a s e , 
G e n e r a t io n /h  h
Maximum
O p t ic a l
D e n s i ty
S p e c i f i c  
G row th R a te ,  
G e n e r a t io n /h
Lag P h a se  
h
Maximum
O p t ic a l
D e n s i ty
0 .0 0 .3 2 4 + 0 .0 3 3 .0 + 0 .5 1 .6 5 + 0 .0 4 0 .3 2 6 + 0 .0 4 3 .5 + 0 .5 1 .6 0 + 0 .0 5
0 .9 0 0 .3 1 9
+ 0 .0 3 4 .5 + 0 .6 1 .6 5 + 0 .0 6 0 .3 1 7 + 0 .0 3 4 .5 + 0 .6 1 .6 0 + 0 .0 3
1 .7 0 0 .2 5 6 + 0 .0 3 10 + 1 .0 1 .2 0 + 0 .0 3 0 .2 5 2 + 0 .0 2 11 + 1 .5 1 .1 8 + 0 .0 4
2 .6 0 0 .1 3 3 + 0 .0 1 15 + 0 .8 0 .9 3 + 0 .0 5 0 .1 3 5 + 0 .0 1 16 + 1 .7 0 .9 1 + 0 .0 6
3 .4 5 0 .0 3 2 + 0 .0 0 2 60 + 1 .3 0 .3 9 + 0 .0 4 0 .0 2 8 + 0 .0 0 2 63 + 2 .0 0 .3 8 + 0 .0 5
4 .3 0 0 0 0 0 0 0
-o
TABLE 21
CFU/ml on  i n i t i a l  p l a t e ,  CFU/ml on r e p l i c a  p l a t e ,  and c o lo n i e s  (% o f  26 p p t  m edium ) o f  P . 
h a lo d u r a n s  grow n a t  20 C and 200 rpm i n  m o d if ie d  2216E medium and  su p p le m e n te d  w i th  3-4-'5 M 
NaCl and  s u b s e q u e n t ly  grown a t  20 C f o r  10 d a y s  on  m o d if ie d  2216E a g a r  medium w ith  t o t a l  
NaCl c o n c e n t r a t i o n s  r a n g in g  from  0 .0 1  t o  5*4-0 M.
0 .5 0  M NaCl 3 .7 5  M NaCl
T o ta l  CFU/ml on 
N aC l, M I n i t i a l  P l a t e
CFU/ml on 
R e p l ic a  P l a t e
C o lo n ie s ,  % 
o f  Medium
CFU/ml on 
I n i t i a l  P l a t e
CFU/ml on  C o lo n ie s ,  % 
R e p l ic a  P l a t e  o f  Medium
0 .0 1 36 36 32 34- 33 30
0 .0 5 87 86 78 83 83 76
0 .1 0 96 95 87 95 95 87
0 .2 0 101 101 91 100 99 91
0 .2 5 109 106 98 103 101 93
0 .3 0 i n 110 100 109 109 100
1 .2 0 98 96 88 99 96 88
2 .0 0 89 86 80 87 86 79
2 .9 0 77 75 70 69 69 63
3 .7 5 24- 23 22 20 20 18
4-.60 0 0 0 0 0 0
5.4-0 0 0 0 0 0 0
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TABLE 22
S p e c i f i c  g ro w th  r a t e ,  l a g  p h a se  , maximum o p t i c a l  d e n s i t y ,  and  c e l l  s i z e  o f  P . h a lo d u r a n s , 
A. m a r in u s , P . c u p ro d u ra n s , Pseudom onas s p .  1 3 0 , and  A lte ro m o n a s  m a r in o p ra e s e n s  grow n a t  
d and 200 rpm i n  m o d if ie d  22l6!E medium w i th  su p p le m e n ta l  NaCl c o n c e n t r a t i o n s  r a n g in g  
from  0 .0  t o  3.4-5 M.
B a c t e r i a l S u p p le m e n ta l S p e c i f i c  G row th R a te , Lag P h a se  , Maximum O p t ic a l C e l l  S i z e ,
C u l tu r e N aC l, M G e n e r a t io n /h h D e n s i ty Mm
P . h a lo d u ra n s 0 .0 0 0 .3 2 3 .0 1 .6 5 0 .5  X 1 .5
0 .9 0 0 .3 2 4-.5 1 .6 5 0 .7  X 2 .0
1 .7 0 0 .2 6 . 1 0 .5 1 .2 0 1 .0  X 2 .3
2 .6 0 0 .1 3 1 1 5 .0 0 .9 3 1 .5  X 3 .0
3-4-5 0 .0 3 6 0 .0 0 .3 9 1 .5  X 4-.0
A. m a r in u s 0 .0 0 0 .3 7 3 .0 0 .8 7 0 .8  X 1 . 5
0 .9 0 0 .3 3 5 .5 0 .7 8 0 .8  X 1 . 5
1 . 7 0 0 .1 8 1 5 . 0 0 .6 1 1 .0  X 2 .0
2 .6 0 0 .0 3 72 0 .3 4 1 .0  X 3 .0
3.4-5 0 .0 0 0 0
P . c u p ro d u ra n s 0 .0 0 0 .4 2 3 -0 1 .2 5 1 .0  X 2 .0
0 .9C 0.4-1 4-.0 1 .1 8 1 .0  X 2 .0
1 . 7 0 0 .2 1 4 1 2 .5 0 .5 6 1 .0  X 2 .5
2 .6 0 0 .0  3 80 0 .1 9 1 .0  X 3 .5
3.4-5 0 .0 0 0 0
Pseudom onas 0 .0 0 0 .3 5 3 .5 1 .1 0 1 .0  X 2 .0
s p . 0 .9 0 0 .3 1 6 .0 0 .9 1 1 .0  X 2 .0
1 . 7 0 0 .1 0 6 7 .0 0 .2 3 1 .5  X 2 .0
2 .6 0 0 .0 0 0 0
3.4-5 0 .0 0 0 0
A lte ro m o n a s 0 .0 0 0 .3 5 3 .0 1 .0 0 1 .0  X 1 .5
m a r in o p ra e s e n s 0 .9 0 0 .0 3 70 0 .3 9 1 .0  X 1 .5
1 .7 0 0 .0 1 1 2 2 .0 0 .0 8 1 .0  X 1 .5
2 .6 0 0 .0 0 0 0
3.4-5 0 .0 0 0 0
TABLE 23
S p e c i f i c  growth, r a t e ,  l a g  p h a se  , maximum o p t i c a l  d e n s i t y ,  and  c e l l  s i z e  o f  P .  h a lo d u ra n s  
( C - l )  and  b a c t e r i a  i s o l a t e d  fro m  t h e  G re a t  Bay e s t u a r i n e  co m p lex , grow n a t  20 C and  2 0 0 rp m  
i n  m o d if ie d  2216E medium w i th  s u p p le m e n ta l  RaCl c o n c e n t r a t i o n s  r a n g in g  fro m  0 .0  t o  3.4-5 M.
B a c t e r i a l  S u p p le m e n ta l S p e c i f i c  G row th R a te ,  Lag P h a se  ., Maximum O p t ic a l  C e l l  S iz e ,  
C u l tu r e  N aC l, M G e n e r a t io n /h  h  D e n s i ty  jUm
P . h a lo d u ra n s 0 .0 0 0 .3 2 3 .0 1 .6 5 0 .5  X 1 .5
"TTT-1J 0 .9 0 0 .3 2 4 .5 1 .6 5 0 .7  X 2 .0
1 .7 0 0 .2 6 1 0 .5 1 .2 0 1 .0  X 2 .3
2 .6 0 0 .1 3 1 5 .0 0 .9 3 1 .5  X 3 .0
3-4-5 0 .0 3 6 0 .0 0 .3 9 1 .5  X 4 .0
C-2 0 .0 0 0 .3 0 4 .5 1 .1 5 1 .0  X 2 .0
0 .9 0 0 .1 6 1 7 .0 0 .9 3 1 .0  X 2 .5
1 .7 0 0 0 0 0
2 .6 0 0 0 0 0
5 .^ 5 0 0 0 0
C-3 0 .0 0 0 .3 2 3 .5 1 .3 3 1 .0  X 3 .0
0 .9 0 0 .3 2 4 .0 1 .3 0 1 .0  X 3 .0
1 .7 0 0 .1 3 1 0 .5 0 .8 9 1 .0  X 3 -0
2 .6 0 0 0 0 0
3.4-5 0 0 0 0
C-4 0 .0 0 0 .2 5 6 .0 1 .1 8 1 .0  X 2 .5
0 .9 0 0 .1 0 1 1 .5 0 .8 5 1 .0  X 3 .0
1 .7 0 0 .0 4 1 8 .5 0 .2 2 1 .0  X 2 .5
2 .6 0 0 0 0 0
3 .4 5 0 0 0 0
c -5 0 .0 0 0 .3 2 3 .5 1 .2 7 1 .5  x  5 .0
0 .9 0 0 .3 2 4 .0 1 .1 9 1 .5  x  5 .5
1 .7 0 0 .1 2 1 5 .0 0 .7 5 1 .5  X 5 .5
2 .6 0 0 .0 4 2 6 .5 0 .3 2 1 .5  x  5 .0




R e d u c tio n  t im e  o f  t r i p h e n y l  t e t r a z o l i u m  c h lo r i d e  "by P . 
h a lo d u r a n s  grown a t  20 C on m o d if ie d  2216E  a g a r  medium 
w i th  t o t a l  NaCl c o n c e n t r a t i o n s  r a n g in g  fro m  0 .0 1  t o  3 .7 5  M 
u s in g  1 .5  % a g a r  o r  10 % g e l a t i n  o v e r l a y s .
T o ta l  
N aC l, M
Tim e, m in
1 .5  % A gar O v e r la y  10 % G e l a t i n  O v e r la y
0 .0 1 35 38
0 .1 0 7 .5 8 .0
0 .2 0 5 .0 5 .0
0 .2 5 5 .0 5 .0
0 .3 0 5 .0 6 .0
1 .2 0 7 .0 7 .0
1 .6 0 8 .5 9 .0
2 .0 0 10 10
2 .9 0 32 35
3 .7 5 55 57
TABLE 25
I n t r a c e l l u l a r  c o n c e n t r a t io n s  o f  Na and K (mM) i n  c e l l s  o f  P . h a lo d u r a n s  grown a t  2 0  C and
200 rpm t o  e a r l y  lo g a r i t h m ic  (E L ), m id - lo g a r ith m ic  (ML), l a t e  lo g a r i t h m ic  (L L ), and
s t a t io n a r y  (ST ) p h a se  o f  grow th  i n  m o d if ie d  2216E medium.
D e te r m in a t io n EL
G row th P h a se  
ML LL ST
g d ry  w t t o  g w et wt r a t i o 0 .3 0 + 0 .0 5 0 .2 9 + 0 .0 7 0 .2 6 + 0 .0 6 0 .2 9 + 0 .0 6
Na a s s o c i a t e d  w i th  c e lls '* ' 827 + 103 761 + 31 711 + 66 647 + 51
Na r a t i o  m ethod 
D i r e c t  f la m e  p h o to m e try 970 + 118 811 + 38 674 + 51 598 + 39
E a s s o c i a t e d  w i th  c e l l s 4 1 .4 + 1 .5 4 0 .9 + 3 .2 4 4 .3 + 1 .9 3 9 .9 + 2 .2
2I n t r a c e l l u l a r  f l u i d  volum e 1 .9 9 + 0 .1 0 1 .8 7
+ 0 .1 0 1 .9 2 + 0 .0 6 1 .9 1 + 0 .1 0
I n t r a c e l l u l a r  Ma c o n c e n t r a t io n
00d- + 38 436 + 36 406 + 39 367 + 58
I n t r a c e l l u l a r  K c o n c e n t r a t i o n 2 5 .1 + 2 .2 2 3 .4 + 1 .8 2 3 .2 + 2 .1 2 0 .5 + 2 .7
I n t r a c e l l u l a r  Na/m edium  Na 1 .3 8 + 0 .1 3 1 .2 8 + 0 .0 9 1 .1 6 4 * 0 .1 0 1 .0 5 + 0 .1 0
I n t r a c e l l u l a r  K/medium K 2 .0 9 + 0 .1 5 1 .9 5 + 0 .1 1 1 .9 3 + 0 .1 1 1 .7 1 + 0 .1 5
I n t r a c e l l u l a r  N a / i n t r a -  
c e l l u l a r  K 1 9 .2 + 1 .7 1 8 .6 + 1 .8 1 7 .5 + 1 .4 1 7 .9 + 1 .4
Medium Na/m edium  K 2 9 .2 + 2 .1 2 9 .5 + 2 .1 3 0 .2 + 2 .1 3 0 .3 + 2 .1
E x p re s s e d  a s  yM/g d r y  w e ig h t .o
E x p re s s e d  a s  m l/g  d ry  w e ig h t .
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TABLE 26
I n t r a c e l l u l a r  c o n c e n t r a t io n s  o f  Na and K (mM) i n  c e l l s  o f  P . h a lo d u r a n s  grown a t  2 0  C and
2 0 0  rpm t o  e a r ly  lo g a r i th m ic  (E L ), m id - lo g a r ith m ic  (ML), l a t e  lo g a r i t h m ic  (L L ), and
s t a t io n a r y  (ST ) p h a se  o f  grow th  i n  m o d if ie d  2216E medium su p p lem en ted  w ith  1 .3 0  M N aC l.
D e te rm in a t io n EL
G row th P h ase  
ML LL ST
g d ry  wt t o  g w et wt r a t i o 0 .3 8 + 0 .0 4 0 .3 3 0 .0 9 0 .3 2 + 0 .0 3 0 .3 5 + 0 . 0 5
Na a s s o c i a t e d  w i th  c e lls '* '
22Na r a t i o  m ethod  

















K a s s o c i a t e d  w i th  cells '*" 322 + 16 283 + 10 270 + 11 263 + 12
2I n t r a c e l l u l a r  f l u i d  volum e 5 .2 7 + 0 .1 1 4 .6 8 + 0 .1 1 5 .0 5 + 0 .0 8 5 .0 3 + 0 .0 6
I n t r a c e l l u l a r  Na c o n cen ­
t r a t i o n
1178 + 68 1045 + 78 913 + 55 846 + 55
I n t r a c e l l u l a r  K c o n c e n -  
t r a t i o n
213 + 42 182 + 51 149 + 22 131 + 18
I n t r a c e l l u l a r  Na/medium  Na 0 .7 1 + 0 .0 9 0 .6 3 + 0 .0 8 0 .5 5 + 0 .0 5 0 .5 1 + 0 .0 6
I n t r a c e l l u l a r  K/medium K 1 7 .8 + 1 .1 1 5 .2 + 1 .7 1 2 .4
+ 2 .3 1 0 .9 + 1 .1
I n t r a c e l l u l a r  N a / i n t r a -  
c e l l u l a r  K
5 .5 5 + 0 .0 8 5 .7 4 + 0 .1 1 6 .1 3 + 0 .0 6 6 .4 6 + 0 .1 0
Medium Na/m edium  K 138 + - . - 2 - .  - 140
+ 10 1 3 7 . + 8 H 00 + 9
E x p re s s e d  a s  y M/g d ry  w e ig h t .
2
E x p r e sse d  a s  m l/g  d ry  w e ig h t .
TABLE 27
I n t r a c e l l u l a r  c o n c e n t r a t io n s  o f  Na and K (mM) i n  c e l l s  o f  P . h a lo d u r a n s  grown a t  20  C and
200 rpm t o  e a r ly  lo g a r i t h m ic  (E L ), m id - lo g a r ith m ic  (ML), l a t e  lo g a r i t h m ic  (L L ), and
s t a t io n a r y  (ST) p h a se  o f  grow th  i n  m o d if ie d  2216E medium su p p lem en ted  w ith  2 .6 0  M N aC l.
D e te r m in a t io n EL
G row th P h a se  
ML LL ST
g d ry  w t to  g w et w t r a t i o 0 .4 8 + 0 .0 3 0 .4 4 + 0 .0 7 0 .3 9 + 0 .0 2  0 .4 3 + 0 .0 2
Na a s s o c i a t e d  w i th  cells '*"
22Na r a t i o  m ethod  












+_ 103 2349 100 2441
+ 
1 + 1 125168
K a s s o c i a t e d  w i th  c e l l s ’*" 476 + 27 450 + 37 389 + 12 369 + 18
2I n t r a c e l l u l a r  f l u i d  volum e 8 .4 9 + 0 .0 8 7 .9 2 + 0 .0 5 8 .0 1 + 0 .1 2  7 .9 3 + 0 .1 0
I n t r a c e l l u l a r  Na co n cen ­
t r a t i o n
1582 + 52 1220 + 89 1138 + 78 1052 + 61
I n t r a c e l l u l a r  K c o n ce n ­
t r a t i o n
585 + 34 343 + 31 261 + 21 235 + 25
I n t r a c e l l u l a r  Na/m edium  Na 0 .4 7 + 0 .0 3 0 .4 2 + 0 .0 5 0 .3 9 + 0 .0 5  0 .3 6 + 0 .0 4
I n t r a c e l l u l a r  K/medium K 3 2 .1 + 2 .9 2 8 .6 + 2 .2 2 1 .8 + 2 .8  1 9 .6 + 1 .8
I n t r a c e l l u l a r  N a / i n t r a -  
c e l l u l a r  K
3 .6 0 + 0 .0 5 3 .5 6 + 0 .0 5 4 .3 6 + 0 .0 6  4 .4 8 + 0 .0 6
Medium Na/m edium  K 246 + 15 248 + 12 - 244
+ 11 249 + 11
^ E x p re s se d  aspM /g d r y  w e ig h t .
p
E x p r e sse d  a s  m l/g  d ry  w e ig h t .
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TABLE 28
I n t r a c e l l u l a r  c o n c e n t r a t io n s  o f  Na and K (mM) i n  c e l l s  o f  P . h a lo d u r a n s  grown a t  20  C and
200 rpm t o  e a r ly  lo g a r i t h m ic  p h a se  (OD 4-20 nm = 0 .2 5 )  i n  m o d if ie d  2216E  medium and s u b s e ­
q u e n t ly  s t r e s s e d  w ith  2 .6 0  M NaCl f o r  2 4 , 4 8 ,  and 72  h .
D e te rm in a t io n 0
T im e, h .  A f t e r  2 .6 0  M NaCl A d d i t io n  
24 48 - . 2 2 .
g d ry  w t t o  g w et w t r a t i o 0 .2 5 + 0 .0 5 0 .5 0 + 0 .0 7 0 .4 1 + 0 .0 5 0 .4 0 + 0 .0 5
\
Na a s s o c i a t e d  w i th  c e l l s  
22Na r a t i o  m ethod  

















K a s s o c i a t e d  w i th  cells'*" 4 0 .9 + l . l 410 + 22 575 + 16 571 + 15
2I n t r a c e l l u l a r  f l u i d  volum e 1 .8 7 + 0 .0 9 4 .2 1 + 0 .1 2 6 .8 7 + 0 .0 9 8 .5 5 + 0 .1 1
I n t r a c e l l u l a r  Na c o n ce n ­
t r a t i o n
458 + 89 2146 + 89 1522 + 65 1021 + 49
I n t r a c e l l u l a r  K co n cen ­
t r a t i o n
2 4 .4 + 1 .7 288 + 44 241 + 57 228 + 55
I n t r a c e l l u l a r  Na/m edium  Na 1 .5 1
+ 0 .1 2 0 .7 5 + 0 .0 8 0 .5 2 + 0 .0 7 0 .5 5 + 0 .0 6
I n t r a c e l l u l a r  K/medium K 2 .0 4 + 0 .1 4 2 4 .0 + 0 .9 2 0 .1 + l . l 1 9 .0 + 1 .2
I n t r a c e l l u l a r  N a / i n t r a -  
c e l l u l a r  K
1 8 .8 + 1 .5 7 .4 5
+ 0 .0 9 6 .5 2 + 0 .0 7 4 .4 8 + 0 .0 5
Medium Na/m edium  K 2 9 .2 + 2 .0 .. 2Z^  , .
+ 12 250 + 15 248 + 12
E x p re s s e d  a s  yM/g d r y  w e ig h t .
p
E x p r e sse d  a s  m l/g  d ry  w e ig h t .
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TABLE 29
? ?P h y s ic a l  l o c a t i o n  and  Na a s s o c i a t e d  w i th  c e l l s  o f  P .  h a lo d u r a n s  grow n a t  20 C and 200 rpm 
to  e a r l y  lo g a r i th m ic  (E L ), m id - lo g a r i th m ic  (M L), l a t e  lo g a r i th m ic  (L L ), and  s t a t i o n a r y  (ST) 
p h a se  o f  g ro w th  i n  m o d if ie d  2216E medium su p p le m e n te d  w i th  1 .3 0  and  2 .6 0  M N aC l. A l l  
v a lu e s  a r e  10® DPM.
0 ..0
S u p p le m e n ta l N aC l, M 
1 .3 0 2 ..60
D e t  e r m in a t i  on EL ML LL ST EL ML LL ST EL ML LL ST
T o ta l  DPM a s s o ­
c i a t e d  w i th  c e l l s 0 .2 9 0 .1 7 0 .0 7 0 .0 7 1 .7 1 0 .6 9 0 .4 0 0 .2 2 5 .8 1 2 .1 3 1 .0 2 0 .7 9
T o ta l  DPM added 6 .6 6 6 .6 6 6 .6 6 6 .6 6 3 3 .0 3 3 .0 3 3 .0 3 3 .0 6 6 .0 6 6 .0 6 6 .0 6 6 .0
% o f  t o t a l  DPM 
a d d e d , a s s o ­
c i a t e d  w i th  ce lls 4 .3 5 2 .5 5 1 .0 5 1 . 0 5 5 .1 2 .0 9 1 .2 1 0 .6 6 8 .8 0 3 .2 3 1 .5 4 1 .2 0
T o ta l  DPM a s s o ­
c i a t e d  w i th  
c e l l  e n v e lo p e s 0 .0 6 0 .0 3 0 .0 1 0 .0 1 0 .3 4 0 .1 1 0 .0 6 0 .0 3 1 .2 8 0 .3 8 0 .1 5 0 .1 0
% o f  t o t a l  DPM a d d ed , 
a s s o c i a t e d  w i th  
c e l l  e n v e lo p e s 0 . 9 0 0 .4 5 0 . 1 3 0 .1 5 1 .0 3 0 .3 3 0 .1 8 0 .0 9 1 .9 3 0 .5 8 0 .2 3 0 .1 5
% o f  t o t a l  DPM a s s o ­
c i a t e d  w i th  c e l l s ,  
a f t e r  a s s o c i a t i o n  
w i th  c e l l  e n v e lo p e s 2 0 .6 9 1 7 .6 4 1 4 .2 9 1 4 .2 9 1 9 .8 8  1 5 .9 4  1 5 .0 1  1 3 .6 3  2 2 .0 3  1 7 .8 4  1 4 .7 1 1 2 .6 6
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TABLE 30
22P h y s ic a l  l o c a t i o n  and  Na a s s o c i a t e d  w i th  c e l l s  o f  P .  h a lo d u ra n s  grow n 
a t  20 C and  200 rpm to  e a r l y  lo g a r i th m ic  p h a se  (OD 420 nm=0.25) i n  
m o d if ie d  2216E medium and s u b s e q u e n t ly  s t r e s s e d  w i th  2 .6 0  M NaCl f o r  
2 4 , 4 8 , and 72 h .  A l l  v a lu e s  a r e  10° DPM.
Tim e, h .  A f t e r 2 .6 0  M NaCl A d d i t io n
D e t  e rm in a t  i  on 0 24 48 72
T o ta l  DPM a s s o c i a t e d  
w i th  c e l l s
0 . 3 0 4 .9 3 2 .8 2 2 .5 1
T o ta l  DPM added 6 . 6 6 6 6 . 0 6 6 . 0 6 6 . 0
% o f  t o t a l  DPM a d d e d , 
a s s o c i a t e d  w i th  c e l l s
4 .5 0 7 .4 7 4 .2 7 3 .8 0
T o ta l  DPM a s s o c i a t e d  
w i th  c e l l  e n v e lo p e s
0 .0 6 0 .8 4 0 .4 6 0 .3 8
% o f  t o t a l  DPM a d d e d , 
a s s o c i a t e d  w i th  c e l l  
e n v e lo p e s
0 . 9 0 1 .2 7 0 . 7 0 0 .5 8
% o f  t o t a l  DPM a s s o c i a t e d  
w ith  c e l l s ,  a f t e r  
a s s o c i a t i o n  w i th  c e l l  
e n v e lo p e s
2 0 .0 0 1 7 .0 2 1 6 .1 4 1 4 .9 9
TABLE 31
T o ta l  c o n c e n t r a t io n  and r a t i o  o f  DNA: ENA .-p r o te in :  c a r b o h y d r a te :  p h o s p h o l ip id  f o r  P .  h a lo d u r a n s
grown a t  20  C and 200  rpm t o  t h e  e a r ly  lo g a r i t h m ic  p h a se  i n  m o d if ie d  2216E medium w ith
su p p le m e n ta l NaCl c o n c e n t r a t io n s  r a n g in g  from  0 .0  t o  3 .4 5
S u p p le m e n ta l DNA ENA P r o t e i n  C a rb o h y d ra te  P h o s p h o l ip id
N aC l, M yg;/ml DNA/DNA ug/m l ENA/DNA ug/m l Prot/D N A  ug/m l Carb/DNA yg /m l P h o s/D M
0 .0 35 1 .0 0 106 3 .0 3 4-13 1 1 .8 0 300 8 .5 8 10 0 .2 9
0 .0 30 1 .0 0 93 3 .0 8 357 1 1 .9 1 253 8.4-3 8 0 .2 7
0 .9 0 31 1 .0 0 95 3 .0 5 358 1 1 .5 2 267 8 .6 1 8 0 .2 6
0 .9 0 29 1 .0 0 89 3 .0 8 335 1 1 .5 6 249 8 .5 9 9 0 .3 0
1 .7 0 26 1 .0 0 79 3.04- 301 1 1 .5 9 221 8 .5 1 7 0 .2 6
1 .7 0 22 1 .0 0 66 3 .0 1 255 1 1 .5 7 188 8 .5 5 6 0 .2 7
2 .6 0 11 1 .0 0 34- 3 . H 128 1 1 .6 1 95 8 .6 0 3 0 .3 1
2 .6 0 10 1 .0 0 31 3 .0 6 117 1 1 .7 1 85 8 .5 3 3 0 .2 5
3.4-5 6 1 .0 0 18 3 .0 2 70 1 1 .6 3 51 8 .4 9 2 0 .2 6
3.4-5 6 1 .0 0 18 3 .0 3 71 1 1 .6 8 50 8 .5 3 2 0 .2 7
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TABLE 32
T o ta l  c o n c e n t r a t io n  and r a t i o  o f  D N A :R N A :p ro te in :ca rb o h y d ra te :p h o s p h o l ip id  f o r  P . h a lo d u r a n s
grown a t  20  C and 200  rpm t o  t h e  m id - lo g a r ith m ic  p h a se  i n  m o d if ie d  2216E m edium • wrb!h
su p p le m e n ta l NaCl c o n c e n t r a t io n s  r a n g in g  from  0 .0  t o  3.4-5 M.
S u p p le m e n ta l  
N aCl, M
DNA
y g /m l  DNA/DNA
RNA 
y g /m l RNA/DNA
P r o t e i n  
y g /m l  Prot/DNA
C a rb o h y d ra te  
y g /m l  Carb/DNA
P h o s p h o l ip i d  
y g /m l  Phos/DNA
0 .0 57 1 .0 0 206 3 .6 1 1004 1 7 .6 1 478 8 .3 9 21 0 .3 7
0 .0 60 1 .0 0 213 3 .5 5 1075 1 7 .9 2 510 8 .5 0 24 0 .4 0
0 . 9 0 56 1 .0 0 195 3-49 979 1 7 .4 8 477 8 .5 1 20 0 .3 6
0 .9 0 56 1 .0 0 196 3 .5 0 982 1 7 .5 3 471 8 .4 1 21 0 .3 8
1 . 7 0 54- 1 .0 0 191 3 .5 3 949 1 7 .5 7 453 8 .3 9 21 0 .3 9
1 .7 0 50 1 .0 0 179 3 .5 8 882 1 7 .6 4 423 8 .4 6 18 0 .3 6
2 .6 0 46 1 .0 0 164 3 .5 7 822 1 7 .8 8 388 8 .4 3 15 0 .3 3
2 .6 0 48 1 .0 0 173 3 .6 0 853 1 7 -7 7 409 8 .5 2 17 0 .3 7
3.4-5 24 1 .0 0 86 3-59 427 1 7 .7 0 202 8 .4 1 8 0 .3 3
3.4-5 23 1 .0 0 83 3 .6 1 403 1 7 .5 0 193 8 .4 9 7 0 .3 1
189
TABLE 33
T o ta l  c o n c e n t r a t io n  and r a t i o  o f  D N A :E N A :p ro te in :ca rb o h y d ra te :p h o s p h o lip id  f o r  P . h a lo d u r a n s
grown a t  2 0  G and 200  rpm t o  t h e  l a t e  lo g a r i th m ic  p h a se  i n  m o d if ie d  2216E medium w ith
su p p le m e n ta l NaCl c o n c e n t r a t io n s  r a n g in g  from  0 .0  t o  3 .4 5  M.
S u p p le m e n ta l  DNA ENA P r o t e i n  C a rb o h y d ra te  P h o s p h o l ip i d
N aC l, M P g /m l DNA/DNA u g /m l BNA/DNA u g /m l Prot/DNA u g /m l Carh/DNA u g /m l  Phos/DNA
0 .0 125 1 .0 0 501 4 .0 1 2829 2 2 .6 3 1506 1 2 .0 5 70 0 .5 6
0 .0 118 1 .0 0 476 4 .0 3 2546 2 1 .5 8 1429 1 2 .1 1 71 0 .6 0
0 .9 0 111 1 .0 0 452 4 .0 7 2415 2 1 .7 7 1330 1 1 .9 8 59 0 .5 3
0 .9 0 112 1 .0 0 450 4 .0 2 2500 2 2 .3 3 1307 1 1 .6 7 62 0 .5 5
1 .7 0 107 1 .0 0 427 3 .9 9 2355 2 2 .0 0 1260 1 1 .7 8 60 0 .5 6
1 .7 0 110 1 .0 0 444 4 .0 4 2403 2 1 .8 5 1308 1 1 .8 9 64 0 . 5 8
2 .6 0 95 1 .0 0 386 4 .0 6 2087 2 1 .9 7 1128 1 1 .8 7 56 0 .5 9
2 .6 0 89 1 .0 0 360 4 .0 5 1929 2 1 .6 7 1060 1 1 .9 1 46 0 . 5 2
3-4-5 4-3 1 .0 0 172 4 .0 0 925 2 1 .5 8 513 1 1 .9 3 25 0 .5 7
3.4-5 46 1 .0 0 186 4 .0 5 1005 2 1 .8 1 552 1 2 .0 0 24 0 .5 4
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TABLE 34-
T o ta l  c o n c e n t r a t io n  and r a t i o  o f  D M :E N A :p r o te in :c a r b o h y d r a te :p h o s p h o lip id  f o r  P . h a lo d u r a n s
grown a t  20  C and 200  rpm t o  t h e  s t a t i o n a r y  p h a se  i n  m o d if ie d  2216E medium w ith  su p p le m e n ta l
NaCl c o n c e n t r a t io n s  r a n g in g  from 0 .0  t o  3 -4 5  M.
S u p p le m e n ta l  DNA ENA P r o t e i n  C a rb o h y d ra te  P h o s p h o l ip i d
N aC l, M u g /m l  DNA/DNA u g /m l  BNA/DNA v g /m l Prot/DNA y g /m l  Carb/DNA y g /m l  Phos/DNA
0 . 0 167 1 .0 0 579 3 .4 7 4230 2 5 .3 3 2390 1 4 .3 1 109 0 .6 5
0 .0 175 1 .0 0 614 3 .5 6 4359 2 4 .9 0 2473 1 4 .1 3 116 0 .6 6
0 .9 0 158 1 .0 0 529 3 .3 5 3939 2 4 .9 3 2244 1 4 .2 0 92 0 .5 8
0 .9 0 161 1 .0 0 549 3 .4 1 4044 2 5 .1 2 2300 1 4 .2 9 97 0 .6 0
1 .7 0 146 1 .0 0 508 3 .4 8 3655 2 5 .0 3 2044 1 4 .0 0 80 0 .5 5
1 .7 0 143 1 .0 0 495 3 .4 6 3615 2 5 .3 0 2026 1 4 .1 7 82 0 .5 7
2 .6 0 128 1 .0 0 435 3 .3 8 3225 2 5 .1 8 1792 1 4 .0 1 81 0 .6 3
2 .6 0 131 1 .0 0 457 3 .4 6 3262 2 4 .8 9 1860 1 4 .1 8 86 0 .6 6
3 .4 3 63 1 .0 0 219 3 .4 5 1575 2 5 .0 0 895 1 4 .2 1 37 0 .5 8
3 .4 5 59 1 .0 0 201 3 .4 1 1492 2 5 .2 8 837 1 4 .1 9 35 0 .6 1
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TABLE 35
P e r c e n t  c h e m ic a l  c o n s t i t u e n t  o f  d r y  w e ig h t  o f  c e l l  e n v e lo p e s  
e x t r a c t e d  from  P . h a l o d u r a n s  grown a t  20 C an d  200 rpm t o  t h e  
e a r l y  l o g a r i t h m i c  (EL.) and  s t a t i o n a r y  p h a s e  (ST) i n  m o d i f i e d  
2216E medium and  m o d i f i e d  2216E medium s u p p le m e n te d  w i t h  1 .7 0  
and 3 .^ 5  M N aC l.
C hem ica l







3 .4 5  
EL ST
DNA ND ND ND ND ND ND
HNA ND ND ND ND ND ND
P r o t e i n 7 3 .6 7 4 .5 7 4 .5 7 4 .9 7 3 .3 7 3 .9
C a rb o h y d ra te 2 0 .7 2 1 .1 2 0 .0 2 0 .2 2 0 .5 2 0 .5
R ed u c in g
S u b s ta n c e 1 .7 1 . 8 1 .5 1 .6 1 .7 1 .7
P h o s p h o l ip i d 1 .3 1 . 3 1 .6 1 .6 1 .3 1 . 4
T o t a l  L i p i d 5 .8 5 -3 6 . 0 5 .9 5 .8 5 .7
N i t r o g e n 1 2 .4 1 2 .1 1 2 .3 1 2 .7 1 2 .0 1 2 .1
P h o sp h o ro u s 1 .0 0 .9 1 .1 0 .9 1 . 0 1 .1
H exosam ine 1 .7 1 . 8 1 .7 1 .8 1 .7 1 .9
ND = Not D e te c te d
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TABLE J6
Amino a c i d  c o m p o s i t io n  ( e x p r e s s e d  a s  mM/mg c e l l  e n v e lo p e )  
o f  c e l l  e n v e lo p e s  e x t r a c t e d  from  P . h a lo d u r a n s  grow n a t  
20 C and 200 rpm t o  t h e  s t a t i o n a r y  p h a s e  i n  m o d i f i e d  2216E 
medium and m o d i f i e d  2216E medium s u p p le m e n te d  w i t h  1 .7 0  
and  3 .4 5  M N aC l.
S u p p le m e n ta l  N aC l, M 
Amino A cid_________________0 . 0 ____________1 . 7 0  3 .4 3
A la n in e 0 .2 4 8 0 .2 3 9 0 .2 4 1
A r g in in e 0 .1 0 1 0 . 1 0 3 0 .1 0 8
A s p a r t i c  A c id 0 .2 8 5 0 .2 7 2 0 .2 7 3
C y s te in e 0 .0 2 6 0 .0 2 5 0 .0 2 8
G lu ta m ic  A c id 0 .0 4 6 0 .0 4 8 0 .0 4 5
G ly c in e 0 .2 1 7 0 .2 1 1 0 .2 0 9
H i s t i d i n e 0 .0 3 2 0 .0 3 0 0 .0 2 9
I s o l e u c i n e 0 .1 2 6 0 .1 2 0 0 .1 2 8
L e u c in e 0 .2 0 5 0 .2 0 8 0 .2 0 2
L y s in e 0 .0 9 8 0 .1 0 1 0 .1 0 3
M e th io n in e 0 . 0 2 7 0 .0 2 6 0 .0 2 9
Ph e n y l a l a n i n  e 0 .1 2 7 0 .1 2 9 0 .1 2 2
P r o l i n e 0 . 0 9 0 0 .0 8 8 0 .0 8 5
S e r i n e 0 .1 7 7 0 .1 7 1 0 .1 6 9
T h re o n in e 0 .1 4 5 0 .1 3 5 0 .1 3 8
T y r o s in e 0 .0 8 9 0 .0 8 2 0 .0 9 0
V a l in e 0 .1 2 6 0 .1 2 1 0 .1 2 2
194
F i g .  1 .  S e a s o n a l  v a r i a t i o n s  o f  pH ( □ ) ,  s a l i n i t y  ( a ) ,  and 
t e m p e r a t u r e  (O) o f  w a te r  s a m p le s  c o l l e c t e d  from  
th e  G r e a t  Bay e s t u a r i n e  com plex  on d i f f e r e n t  
s a m p lin g  d a t e s .
Month sample was collected
196
F i g .  2 .  C o lon y  fo rm in g  u n i t s  p e r  ml (CFU/ml) o f  b a c t e r i a
w h ich  d e v e lo p e d  fro m  t h e  G r e a t  Bay e s t u a r i n e  com plex  
a t  20  C a f t e r  14 d a y s  i n c u b a t i o n  on m o d i f i e d  2216E 
(S e v en  S e a s )  a g a r  medium and  t h e  medium s u p p le m e n te d  
w i t h  NaCl c o n c e n t r a t i o n s  r a n g i n g  from  0 .2 5  t o  1 .8 5  







100 1.55 M NaCl
2.15 M NaCl
1973 T 1974 T 1975
Month sample was collected
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F i g .  3* C o lony  fo rm in g  u n i t s  o f  b a c t e r i a  w hich  d e v e lo p e d
from  t h e  G re a t  Bay e s t u a r i n e  com plex  a t  20 C a f t e r  
14- d a y s  i n c u b a t i o n  on m o d i f i e d  2216E (S e v e n  S e a s )  
a g a r  medium and  t h e  medium s u p p le m e n te d  w i t h  1 .0 0 ,  






F i g .  4-. P h a se  c o n t r a s t  p h o to m ic r o g r a p h s  o f  h a l o t o l e r a n t  
b a c t e r i a l ,  c e l l s  grow n a t  20 G and  200 rpm to  t h e  
e a r l y  l o g a r i t h m i c  ( 3  h ) , m i d - l o g a r i t h m i c  (7  h ) , 
l a t e  l o g a r i t h m i c  (1 2  h ) , and s t a t i o n a r y  (22  h )  
p h a s e  i n  m o d i f i e d  2216E medium.
2 01
3h 12 b
7 h  22 h
0.30 M NaCl
202
F i g .  5 . P h a se  c o n t r a s t  p h o to m ic r o g r a p h s  o f  h a l o t o l e r a n t  
b a c t e r i a l ,  c e l l s  grown a t  20 C and 200 rpm t o  t h e  
l a t e  l o g a r i t h m i c  p h a s e  i n  m o d i f i e d  2216E medium 
w i t h  t o t a l  NaCl c o n c e n t r a t i o n s  o f  0 . 0 1 ,  0 .0 5 ,  
0 . 1 0 ,  and  0 .3 0  M.
NaCl 2 th  0.10 M NaCl 10 h




P i g .  6 .  P h a s e  c o n t r a s t  p h o to m ic ro g r a p h s  o f  b a c t e r i a l  c e l l s  
grow n a t  20 C and 200 rpm t o  t h e  l a t e  l o g a r i t h m i c  
p h a s e  i n  m o d i f i e d  2216E medium and  t h e  medium 
su p p le m e n te d  w i th  NaCl c o n c e n t r a t i o n s  r a n g in g  
fro m  0 . 9 0  t o  3-4-5 M N aC l.
0.30MN4CI 10k 2 J »  M NaCI 20 k
3.75 M NaCI 110 k
iOfMI
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F i g .  7 - P h a s e  c o n t r a s t  p h o to m ic ro g r a p h s  o f  b a c t e r i a l  c e l l s  
grown a t  20 0 and  200 rpm f o r  3 h i n  m o d i f i e d  
2216E medium and  s t r e s s e d  s u b s e q u e n t l y  w i t h  2 .6 0  M 
NaCI f o r  1 2 , 2 4 ,  4 8 ,  and  72 h .
12 h 48h
208
P i g .  8 .  T r a n s m is s io n  e l e c t r o n  p h o to m ic ro g r a p h s  o f  b a c t e r i a l  
c e l l s  grown a t  20 C and  200 rpm t o  t h e  l a t e  
l o g a r i t h m i c  p h a s e  i n  m o d i f i e d  2216E medium and  t h e  
medium su p p le m e n te d  w i t h  NaCI c o n c e n t r a t i o n s  r a n g i n g  
from  0 .9 0  t o  3.4-5 M. C e l l s  w ere  n e g a t i v e l y  s t a i n e d  
w i th  0 .5  % N a - p h o s p h o t u n g s t a t e .
209
HPiiKl
1.60MNad 17h 3.75MIUCI 00 h
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F i g .  9 .  T r a n s m i s s io n  e l e c t r o n  p h o to m ic ro g r a p h s  o f  b a c t e r i a l  
c e l l s  g ro w n  a t  20 C a n d  200 rpm t o  t h e  l a t e  
l o g a r i t h m i c  p h a se  i n  m o d i f ie d  2216E medium and  t h e  
medium s u p p le m e n te d  w i t h  1 . 7 0 , 2 . 6 0 ,  and 3.4-5 M 
NaCI. C e l l s  were shadow  c a s t  w i th  p l a t i n u m  m e t a l .
211
0.30 M NaCI 10 h 2.90 M NaCI 65 b
s m m :
2.00 M NaCI 20 h 3.75 M NaC1110 h
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F i g .  1 0 .  S c a n n in g  e l e c t r o n  p h o to m ic ro g r a p h s  o f  b a c t e r i a l  
c e l l s  grown a t  20 C and  200 rpm t o  t h e  l a t e  
l o g a r i t h m i c  p h a s e  i n  m o d i f i e d  2216E medium and  
t h e  medium s u p p le m e n te d  w i th  2 .6 0  M NaCI.
12.000X 25jQ00X
50.000X 60J000X
0.30 M NaCI 10b 2.90 M NaCI 65h
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F i g .  1 1 . Grow th c u rv e  o f  P .  h a lo d u r a n s  grown a t  20  C and  
200 rpm i n  m o d ifT ed  221&E medium and t h e  medium 
su p p le m e n te d  w i t h  NaCI c o n c e n t r a t i o n s  r a n g i n g  









2.00 M NaCI1.20 M NaCI
2.90 M NaCI






F i g .  12 . C u l t u r a l  s t a g e s  o f  g ro w th  o f  P .  h a lo d u r a n s  grown 
a t  2 0  C and  200 rpm i n  m o d i f i e d  221&E medium 
( b r o k e n  l i n e ) .  A l i q u o t s  (5 0  m l)  were rem oved a t  
t i m e s  i n d i c a t e d  and  s t r e s s e d  w i th  2 .6 0  M NaCI. 
P e r i o d i c a l l y ,  CFU/ml w e re  e n u m e ra ted  a t  20 C 








J ___________ I________ L
8 12 16
Time, h
i / / 1 i
20 36 48
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F i g .  13. S p e c i f i c  g ro w th  r a t e  o f  P .  h a lo d u r a n s  grown a t  
t e m p e r a t u r e s  r a n g i n g  from  5 t o  G and 200 rpm 
i n  m o d i f i e d  2216E medium c o n t a i n i n g  1 . 0  % n u t r i e n t s  
w i t h  t o t a l  NaCI c o n c e n t r a t i o n s  r a n g i n g  from  0 .0 1  


















F i g .  1 4 . S p e c i f i c  g ro w th  r a t e  o f  P .  h a lo d u r a n s  grown a t  
t e m p e r a t u r e s  r a n g i n g  from  5 t o  35 0 and  200 rpm 
i n  m o d i f i e d  2216E medium c o n t a i n i n g  0 . 2  % 
n u t r i e n t s  w i th  t o t a l  NaCI c o n c e n t r a t i o n s  r a n g i n g  




F i g .  1 5 . S p e c i f i c  g ro w th  r a t e  o f  P .  h a lo d u r a n s  grow n a t  
t e m p e r a t u r e s  r a n g i n g  from  5 t o  35 C a n d  200 rpm 
i n  m o d i f i e d  2216E medium c o n t a i n i n g  0 .0 2  % 
n u t r i e n t s  w i t h  t o t a l  NaCI c o n c e n t r a t i o n s  r a n g in g  




F i g .  1 6 .  Maximum o p t i c a l  d e n s i t y  a t t a i n e d  by  P .  h a lo d u r a n s  
grown a t  20  C and 200 rpm i n  modifiecT 221&E medium 
w i t h  t o t a l  NaCI c o n c e n t r a t i o n s  r a n g i n g  from  0 .0 0  













4.00.05 0.10 "  0.50 1.0
NaCI concentration, M
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F i g .  1 7 . Oxygen u t i l i z a t i o n  by  P .  h a l o d u r a n s  a t  20 C i n  
m o d i f i e d  2216E medium w i t h  t o t a l  NaCI c o n c e n ­











































F i g .  1 8 . Oxygen u t i l i z a t i o n  b y  P .  h a lo d u r a n s  grown i n i t i a l l y  
a t  20 C and  200 rpm t o  t h e  l a t e  l o g a r i t h m i c  p h a s e  
i n  m o d i f i e d  2216E medium su p p le m e n te d  w i t h  1 .7 0  M 
NaCI and s t u d i e d  s u b s e q u e n t l y  a t  20 C i n  m o d i f i e d  
2216E medium w i th  t o t a l  NaCI c o n c e n t r a t i o n s  r a n g in g  








F i g .  19 . Oxygen u t i l i z a t i o n  b y  P .  h a lo d u r a n s  grown i n i t i a l l y  
a t  20 C and  200 rpm t o  t h e  l a t e  l o g a r i t h m i c  p h a s e  
i n  m o d i f i e d  2216E medium su p p le m e n te d  w i t h  2 .6 0  M 
NaCl and  s t u d i e d  s u b s e q u e n t l y  a t  20 G i n  m o d i f i e d  
2216E medium w i t h  t o t a l  NaCl c o n c e n t r a t i o n  r a n g i n g  

























P i g .  2 0 .  R e d u c t io n  o f  t r i p h e n y l t e t r a z o l i u m  c h l o r i d e  (TTG) 
by  P . h a lo d u r a n s  i n c u b a te d  a t  20 C i n  m o d i f i e d  
221*511 medium w i t h  t o t a l  NaCl c o n c e n t r a t i o n s  
r a n g i n g  from  0 .0 1  t o  3»75 M N aC l.
0.30 M NaCl 
0.10 M NaCl
2.00 M NaCl




F i g .  2 1 .  R e d u c t io n  o f  d i c i i l o r o i n d o p h e n o l  (DCIP) b y  P .
b a lo d u r a n s  i n c u b a t e d  a t  20  C i n  m o d i f i e d  2^16E  
medium w i t h  t o t a l  NaCl c o n c e n t r a t i o n s  r a n g i n g  


















F i g .  2 2 .  R e d u c t io n  o f  m e th y le n e  b l u e  (MB) b y  P .  h a lo d u r a n s  
i n c u b a t e d  a t  20 C i n  m o d i f i e d  2216E medium w i t h  
t o t a l  NaCl c o n c e n t r a t i o n s  r a n g i n g  from  0 .0 1  t o  
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F i g .  2 3 .  A b s o r p t io n  s p e c t r u m  o f  t h e  r e d u c e d  c y to c h ro m e  from  
w hole  c e l l  e x t r a c t s  o f  P .  h a lo d u r a n s  grown a t  20 C 
and 200  rpm t o  t h e  l a t e  l o g a r i t h m i c  p h a s e  i n  
m o d i f i e d  2216E medium (A .B ,C ) and  medium s u p p l e ­







F i g .  2 4 .  D i f f e r e n c e  s p e c t ru m  o f  t h e  o x i d i z e d  and t h e n  r e d u c e d
c y to c h ro m e s  from  w ho le  c e l l  e x t r a c t s  o f  P .
h a lo d u r a n s  grown a t  20 C and 200 rpm t o  The l a t e
l o g a r i t h m i c  p h a s e  i n  m o d i f i e d  2216E medium ( A, B, C, D)  
and medium s u p p le m e n te d  w i th  2 .6 0  M NaCl ( A ' , B ' ,  










22F i g .  2 5 . Na a s s o c i a t e d  w i t h  t h e  c e l l  p e l l e t s  ( • )  and
g ro w th  (o )  o f  P .  h a lo d u r a n s  a t  20 C and  200 rpm 
i n :  (A) m o d i f i e d  2216E medium and t h e  medium
s t r e s s e d  w i t h  2 .6 0  M s u p p le m e n ta l  NaCl and  0 .3 9  
MCi/ml a f t e r  a t t a i n i n g  an o p t i c a l  d e n s i t y
o f  0 .2 5  ( a r r o w s ) ,  (B) m o d i f i e d  2216E medium 
su p p le m e n te d  w i t h  1 .3 0  M NaCl, and  (C) m o d i f i e d  
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F i g .  2 6 .  C:N:P r a t i o s  o f  P .  h a l o d u r a n s  grown a t  20 C and 
200 rpm f o r  3 h  Tn m o d i f i e d  2216E medium w ith  
a l i q u o t s  rem oved  and  s t r e s s e d  w i t h  2 .6 0  and 4 .5 0  
FI N aCl. (A) CFU/ml e n u m e ra te d  a t  20 C a f t e r  10 
d a y s  i n c u b a t i o n  on m o d i f i e d  2216E a g a r  medium 
and (B) R e l a t i v e  C :P r a t i o s  ( u p p e r  s e t  o f  c u r v e s )  
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F i g .  27- U l t r a v i o l e t  s p e c t ru m  o f  t h e  c u l t u r a l  s u p e r n a t e s  
from  P .  h a lo d u r a n s  c e l l s  grown a t  20 C and 200 
rpm t o  t h e  e a r l y  l o g a r i t h m i c  (EL) and  s t a t i o n a r y  
(ST) p h a s e  i n  m o d i f i e d  2216E medium and  t h e  
medium s u p p le m e n te d  w i t h  1 .7 0  and  3.4-5 M N aC l.
3 75 U[NaCl, ST 
9 00 M NaCl,ST
3 7 5 M N aC L E l!
2 4 8
F i g .  28. T r a c i n g s  o f  t h i n - l a y e r  c h ro m a to g ra m s by t h i n - l a y e r  
c h ro m a to g ra p h y  o f  c e l l  e n v e lo p e  p h o s p h o l i p i d s  o f  
P .  h a lo d u r a n s  c e l l s  grow n a t  20 C and  200 rpm t o  
T h e  s t a t i o n a r y  p h a s e  i n  m o d i f i e d  2216E medium and 
t h e  medium s u p p le m e n te d  w i t h  1 .7 0  and  3 .4 5  M N aCl. 
The R f  v a l u e s  o f  t h e  s t a n d a r d s  w e re :  p h o s p h a t i d i c
a c i d  (PA ), 0 . 9 4 ;  d i s p h o s p h a t i d y l g l y c e r o l  (DPG), 
0 . 8 4 ;  p h o s p h a t id y l e t h a n o la m in e  ( P E ; ,  0 .6 5 ;  
p h o s p h a t i d y l s e r i n e  ( P S ) ,  0 .3 4 ;  an d  p h o s p h a t i d y l ­
c h o l i n e  (PC) ,  0 . 1 8 .
Solvent 












R f Visualization \% Molybdate Possib le  
ninhydrin blue iden tity
A B C A B C A B C A B C  
H O ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + + + PA PA p a
+ + +  + + + DPG DPG DPG
- 0.8
+ + + + +  + + +  + PE PE PE
- 0.6
-0.4
+  PS PS PS
- 0.2
+ +  +  + + +  +  +  +  PC PC PC
+ + + + + + + + ? ? ?
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F i g .  29 . T r a n s m is s io n  e l e c t r o n  p h o to m ic r o g r a p h s  o f  t h i n  
s e c t i o n s  o f  c e l l  e n v e lo p e s  o f  P .  h a lo d u r a n s  
grown a t  20 C an d  200 rpm t o  t h e  s t a t i o n a r y  
p h a s e  i n  m o d i f i e d  2216E medium a n d  t h e  medium 
su p p le m e n te d  w i t h  1 .7 0  and  3 .4 5  M NaCl. C e l l  
e n v e lo p e s  w ere  f i x e d  w i t h  3 % g l u t a r a l d e h y d e .

2 5 2
F i g .  50 . T r a n s m is s io n  e l e c t r o n  p h o to m ic r o g r a p h s  o f  t h i n  
s e c t i o n s  o f  P .  h a lo d u r a n s  c e l l s  grow n a t  20 G 
a n d  200 rpm To t h e  s t a t i o n a r y  p h a s e  i n  m o d i f i e d  
2216E  medium an d  t h e  medium su p p le m e n te d  w i th  
1 .7 0  and 3*4-5 M N aC l. C e l l s  w ere  f i x e d  w i th  
3 % g l u t a r a l d e h y d e .
0.30 M NaCl 10k
3.75 M NaCl 110 k
254-
F i g .  31 . S p e c i f i c  a c t i v i t y  o f  a s p a r t a t e  t r a n s c a r b a m y l a s e  
(ATCase) i s o l a t e d  a s  a  c r u d e  e x t r a c t  from  P . 
h a lo d u r a n s  c e l l s  grown a t  20 C and 200  rpm t o  
t h e  s t a t i o n a r y  p h a s e  i n :  (A) m o d i f i e d  2216E
medium and  (B) m o d i f i e d  2216E medium c o n t a i n i n g  
2 .9 0  M EaC l and  m ea su re d  a t  20 G i n  m o d i f i e d  
2216E medium w i t h  t o t a l  NaCl c o n c e n t r a t i o n s  
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